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ABSTRACT 


Seven  male  employees  of  th  Boeing  Company  were  tested  in  the  company's 
human  vibration  facility  „o  determine  the  effect  of  whole  body  vibra¬ 
tion  on  visual -motor  performance.  Six  controls;  a  large  and  r  small 
knob;  a  horizontal  and  a  vertical  lever;  and  a  horizontal  and  a  verti¬ 
cal  thumbwheel  were  used  to  adjust  a  standard  3  inch  dial  indicator  to 
a  prescribed  setting.  Independent  variables  included  variations  in 
vibration  frequency  and  severity,  control  force  requirements,  aid  task 
complexity.  Speed  and  accuracy  of  task  accomplishment  were  recorded 
for  each  condition. 


A  high  work  load  condition,  vibration  independent  of  frequency  nr.i 
level,  and  control  force  requirements,  individually  affected  the  speed 
and  accuracy  of  operate  s'Mustment.  The  type  of  control  used  did  not 
Influence  accuracy,  and  had  only  minor  influence  on  adjustment  time 
with  mounting  position  apparent.lv  producing  the  noted  differences. 


Test  design 

and  analysis  Donald  L.  Parks  It  Robert  E.  Chaney 


Report 


Robert  E.  Chaney 


Approved 


J.  E.  Bbaupeurt,  P.E. 
Human  Factors  Chief 


Approved 


/J.  L.  Buigeaa 

Chief  of  Aircraft  \'j  ?tosui  Staff 


D'i-IA 

pat'o  i 


TABLE  OF  CONTENTS 

Pa/'e 

Title  Page .  i 

Abstract  .........  .  ....  * 

Table  of  Contents . ill 

List  of  Figures  .................  v 

List  of  Tables  . . vl 

References . . .  vii 

Introduction  .  1 

Methodology  . 2 

Experimental  Subjects  .  2 

Vibration  Apparatus  and  the  Vibration  Environment  .  2 

Control  Column  and  Vft.jel . 6 

Vertical  Tracking  Indicator  ...  . 

Lateral  Tracking  Indicator  . .  6 

Right  Hand  Manual  Tssk  Indicator  and  Controls  .  f 

Knobs . ? 

Levers  ........  ? 

Thumbwheels  ......  .  ...  / 

Left  Hand  Indicators  and  Controls  . .  ( 

Vibration  Conditions  ...  i 

Vibration  Fidelity  .  . . .  .  i 

ftpcrtaent'il  Sequence  and  Pr. .  11 


V. 


D3-3512-5 
page  iv 


Speed,  Accuracy  and  Control  Force  Experiment 
Data  Collection  Procedures  . 


Data  Analysis  . 

Results  and  Interpretation 
Increased  Work  Load  Experiment 


Data  Collection  Procedures 


Data  Analysis  .  .  . 

Results  and  Interpretation 
Summary  and  Conclusions  > 
Appendices 


A.  Subject  Descriptions  anu  Instructions  . 

B.  Individual  Analysio  of  Variance  Sunsary  Tables 


Acknowledgement 


I 


I 

» 

< 

I 

I 

I 


D3-3512-5 
page  v 


LIST  OF  FIGURES 

Page 


1  Boeing  Human  Vibration  Facility  .........  3 

2  Test  Station  Configuration .  1* 

3  Display-Control  Panel  ....  .  5 

4  Distortion  Curves  for  Selected  Frequencies  .  11 

5  Time  Score  Main  Effects,  Analysis  I .  18 

6  Mean  Error  Scores,  Control  vs.  Required  Force  .....  21* 

7  Mean  Adjustment  Times,  Control  vs.  Required  Force  ....  26 

8  Mean  Error  Scores,  Control  vs.  Operator  Work  Level  ...  32 

9  Mean  Adjustment  Times,  Control  vs.  Operator  Work  Level  .  .  33 


Sr- 


I 

i 

l 


D3-3512-5 
p age  vi 


LIST  OF  TABLES 

Page 

I. 

Vibration  Coi.  1  .ions  Used  in  Visual -Motor  Performance 
Experiment 

9 

II. 

The  9  Vibration  Frequency  and  3  Reaction  Level 
Conditions  Used  in  Analyses  of  Variance  I 

14 

III. 

The  5  Vibration  frequency  and  2  Reaction  Level 
Conditions  Used  in  Analyses  of  Variance  II 

1> 

IV. 

Indices  of  Significance  on  Speed  and  Accuracy  Analyses 

17 

V. 

Indices  of  Significance  on  Control  Force  Analysis- 
Vibration  Error  Scores 

20 

VI. 

Indices  of  Significance  on  Control  Force  Analysis- 
Error  Difference  Scores 

21 

VII. 

Indices  of  Significance  on  Control  Force  Analysis- 
Vibration  Tine  Scores 

22 

VIII. 

Indices  of  Significance  on  Control  Force  Analysis- 
Time  Difference  Scores 

23 

IX. 

The  5  Vibrati-n  Frequency  and  3  Reaction  level 
Conditions  Used  in  tv  Increased  Work  Load  Analysis 

26 

X. 

Indices  of  Significance  on  Increased  Work  Load 

Analysis  •  Error  3cores 

XI. 

Indices  of  Significance  on  Increased  Worn  Load 

Analysis  -  Tine  Scores 

31 

XII. -LI. 

Individual  Analysis  of  Variance  Sumary  Tables 

4o-79 

D3-3512-5 
page  vii 


REFERENCES 

1.  Boeing  document  D3-3301,  "Boeing  Human  Vibration  Facility", 

28  September  i960. 

2.  Boeing  document  D3- 3512-3,  "Human  Reaction  to  Low  Frequency 
Vibration",  D.  L.  Parks  and  F.  W.  Snyder,  2^  July  1961. 

3.  Boeing  document  D3-3512-2,  "A  Comparison  of  Sinusoidal  ana 

•  >.ndom  Vibration  Effects  o'  human  Performance",  D.  L.  Parks, 
2ti  July  1961. 

1*.  Boeing  document  D3-3512-3,  "Human  Hearing  and  Speech  During 
Whole-Body  Vibration",  R.  J.  Teare,  April  1963. 

5.  Boeing  document  D3-3512-1*,  "Visual  Performance  during  Uhole- 
Bcdy  Vibration",  R.  J.  Teare  and  D.  L.  Parks,  November  19^3 . 

6.  AFSC  Manual  80-1,  Vol.  lii,  "Handbook  of  Instructions  for 
Aircraft  Designers”,  1  April  19&3- 

7.  Magid,  E.  0.  4  Coerwann,  R.  R.,  "The  Reaction  of  the  Human 
Body  to  Extreme  Vibrations",  i960  Proceeding  of  the  I  uititu*e 
of  Environmental  Sciences. 

8.  Boeing  document  D3-<*93T,  "Analysis  of  the  Human  Vibration 
Table",  T.  M.  Cate,  January  1963. 


D3-3512-!? 

pace  1 

INTRODUCTION 

Definition  of  operator  performance  capability,  as  influenced  by  system 
environmental  conditions,  is  becoming  increasingly  important  as  modern 
manned  systems  become  more  complex.  To  the  system  designer,  the  accuracy 
and  speed  with  which  an  operator  can  accomplish  assigned  visual -motor 
and  tracking  tasks  within  the  operational  environment  is  probably  the 
largest  contributing  factor  to  the  selection  of  a  final  display-control 
configuration. 

Low  frequency  vibration  is  an  important  part  of  many  op-rational  environ¬ 
ments,  and  is  perhaps  the  most  difficult  to  design  out  of  the  system. 
Consequently,  a  critical  need  exists  for  data  concerning  vibration 
effects  on  human  ability  to  perform  perceptual  and  motor  control  activ¬ 
ities,  and  design  features  which  will  enhance  their  accomplishment. 

The  program  reported  herein  is  the  fifth  in  a  series  of  Boeing  conducted 
research  studies  designed  to  expand  the  fund  of  data  on  the  effects  of 
vibration  on  these  various  type6  of  operator  activity.  Previously 
reported  experiments  (Refs.  2,  3,  **,  5)  have  considered  the  establish¬ 
ment  of  subjective  levels  of  vibration  and  the  effects  of  these  levels 
on  hearing,  speech  and  vision.  Future  studies  will  be  concerned  with 
their  effect  on  operator  tracking  and  additional  vibration  effects  on 
relatively  complex  behavior. 

r-ls  report  is  concerned  with  four  vibration  performance  relation- 

1.  Vibration  effects  on  the  accuracy  of  visual -motor  task  accomplish¬ 
ment  using  various  types  and  sites  of  controls. 

2.  Vibration  effects  on  the  speed  of  visual-motor  task  accomplish¬ 
ment  using  various  typss  and  sizes  of  controls . 

3.  The  effects  of  various  control  forces  on  the  performance  of 
visual-motor  tusks  in  a  vibration  environmcr* . 

4.  Toe  effects  of  increased  work  load  on  the  speed  and  accuracy 
of  visual  motor  task  accomplishment  under  vibration. 

It  ie  divided  into  three  major  sections.  The  firut  is  concerned  with 
the  general  experimental  conditions;  the  second  describes  results  or 
the  first  three  specified  relationships  and  the  third  examines  perfor¬ 
mance  differences  as  affected  by  increased  operator  work  load. 


\ 
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METHODOLOGY 


Experimental  Subjects 

The  subjects  of  the  study  were  seven  male  Boeing  employees  who  had 
participated  in  previous  phases  of  the  vibration  program  and  had 
qualified  for  this  phase  by  passing  an  extensive  physical  examina¬ 
tion.  Individual  descriptions  are  included  in  Appendix  A. 

Vibration  Apparatus  and  the  Vibration  Environment 

The  Boeing  Human  Vibration  Facility  (Figure  1)  provided  the  vibration 
conditions  required  for  these  experiments-  A  detailed  description  of 
the  facility  is  contained  in  reference  1. 

The  subject's  general  test  configuration  for  the  study  is  shown  in 
Figure  2.  A  reinforced  standard  aircraft  seat  was  used  to  provide 
vibration  inputs  to  the  subjects.  To  increase  fidelity  of  vibration 
transmission,  plywood  inserts  covered  with  3/4  inch  hard  felt  were 
used  in  preference  to  the  standard  survival  Kit,  cushions  and  parachute 
pack.  Subject  restraint  was  accomplished  by  means  of  a  military  type 
l«p  belt.  No  shoulder  harness  vas  used. 

A  variety  of  controls  end  displays  were  provide  for  these  experiments. 
An  illustration  ^f  what  was  available  to  the  subject  may  be  seen  in 
Figure  3.  An  aircraft  control  column  and  wheel  were  mounted  in  the 
proper  control  position  (reference  6),  and  a  throttle  type  control  was 
provided  for  use  by  the  operator's  left  hand.  An  instrument  display 
and  control  panel  was  mounted  ?Q  inches  in  front  of  the  average  subject 
eye  position,  with  the  display  center  located  10*  below  and  perpendi¬ 
cular  *o  the  average  line  of  sight.  Included  on  the  panel  were: 

1.  Two  toggle  switches 

2.  A  clock 

3.  Five  5-digit  counter  readouts 

4.  An  airspeed  indicator 

5.  A  cathode  ray  tube 
o.  A  heading  indicator 

?.  A  360*  manual  task  indicator 
d.  A  large  control  knob 
9<  A  small  control  knob 

10.  A  horizontal  control  lever 

11.  A  vertical  control  lever 

12.  A  horizontal  thumbwheel 

13.  A  vertical  thumbwheel 

14.  Jeweled  indicator  lights  adjacent  to  most  controls  and  displays 
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^Subject  Preparation  I  Jntarvltw  Rooa\ 

{A  Exparlaantal  k  Htdleal  Mooltorln* 

^ Station  (With  Obaar*mtloo  window). 

A  Vibration  Platform  (Chnlr  k  CowoU 
Mounted) . 

Aobeerratloo  Area  (With  3  Oat  -Way 
Viewlo*  Window*) 

Alqulpatot  Oparator ' a  Station  ( Signal 
Oarvt ration,  Feed  back,  k  Honltorlnf). 


FIOUPS  ) .  6QSIW3  HUMA*  VIBRATION  fACIL IT! 


FIGURE  2.  TEST  STATION  CONFIGURATION 


Control  Column  and  Wheel 


The  control  column  and  wheel  used  for  these  tests  were  the  standard 
heavy  aircrfft  type  and  had  been  used  in  a  previous  program  experi¬ 
ment  (reference  3)  •  The  only  modification  made  for  this  phase  was  to 
provide  an  additional  cut-off  switch  on  the  back  of  the  right,  ’.mndgrip 
similar  to  that,  on  the  left,  so  that  vibration  would  continue  when  either 
hand  was  grasping  the  wheel.  Fore  and  aft  movement  of  the  column  was 
used  for  compensatory  tracking  of  a  projected  horizontal  line  on  the 
cathode  ray  tube  (CRT),  and  the  wheel  control  was  utilized  for  compen¬ 
satory  tracking  of  the  needle  on  a  modified  heading  indicator  located 
to  the  immediate  right  of  the  CRT. 

Vertical  Tracking  Indicator 

The  centrally  located  CRT  was  a  five  inch  display  tube  with  a  hori¬ 
zontal  crosshair  etched  on  the  face.  When  being  used  in  the  tests, 
a  projected  horizontal  line  of  light  .05  inch  wide  was  programmed 
to  move  between  top  and  bottom  of  the  display  at  a  rate  which  varied 
sinusoidally.  Display  response  to  control  column  movement  was  delayed 
by  a  two  second  time  constant  to  simulate  "aircraft"  response  to 
control  action.  Control  action  requirements  were  patterned  after  a 
terrain  following  type  display  with  forward  movement  of  the  column 
required  to  bring  the  projected  light  team  up  to  the  desired  position, 
and  aft  column  movement  required  when  the  projected  line  wac  above 
the  position  desired.  An  additional  feature  built  into  the  response 
system  would  drive  the  projected  line  off  the  CRT  if  the  subject 
failed  to  maintain  reasonable  alignment  control.  Full  7-1/1*  incurs 
forward  and  full  9*1/2  inches  aft  column  movement  required  6»*  and  81* 
pounds  force  respectively. 

Lateral  Tracking  Indicator 

To  the  right  of  the  CHT  display  were  two  standard  3  inch  aircraft  head¬ 
ing  indicators  with  all  identifying  markings  except  graduation  marks 
and  numbers  reamed  from  the  faces.  Both  were  nor„i.  oriented  indicators 
with  heading  numbers  located  every  3C*  and  graduation  marks  each  2*. 

The  one  on  the  left,  nearest  the  CRT,  served  as  the  display  for  control 
wheel  or  "rudder"  movement  with  the  servo  regulated  needle  programmed 
to  nrcve  at  a  sinusoidally  varying  rate,  15*  to  right  an..  left  of  the 
360*  position.  Clockwise  rotation  of  the  control  wheel  or  depression 
of  the  right  foot  pedal  when  appropriate,  produced  clockwise  rotation 
of  the  needle  with  no  incorporation  of  control  feedback  delay.  Conti  l 
wheel  force  ranged  essentially  linearally  from  zero  to  ten  pounds  through 
left  or  right  rotation  of  65*,  and  foot  pedal  force  could  tc  set  at 
pounds,  100  pounds  or  150  pounds,  as  desired,  for  a  maximum  forward 
displacement  of  four  in.n.es  with  cither  foot.  Forward  movement  of  either 
pedal  produced  an  equal  and  opposite  movement  of  the  alternate  pedal. 


■  ■  -IAHI J  ▼  »  :  M  V  "  v  -  ■  V  1  .■  *'  - 

'  ^  .  '  .  .  '  •  ■  • ;  ■'  ■*  <!  . 
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Right  Hand  Manual  Task  Indicator  and  Controls 

The  heading  indicator  on  the  right  of  the  panel  served  as  the  display 
for  controls  located  cn  the  right  wing  of  the  control-display  panel. 
The  servo  driven  needle  vas  displaced  in  each  case  1/3  the  distance  of 
the  active  control  at  the  location  of  applied  force.  Included  in  the 
controls  were  a  large  and  a  small  knob,  a  horizontal  and  a  vertical 
lever  and  a  horizontal  and  a  vertical  thumbwheel .  Operating  force 
requirements  at  the  point  of  application  could  be  set  at  2/3  pound, 
1-1/3  pound  or  2  pounds  for  each. 

Knobs 

The  two  knurled  knobs  were  the  uppermost  controls  of  the  series 
and  were  located  side  by  side  with  the  small  knob  on  the  right. 

They  ware  5/8  inch  thick  with  skirts  added  at  the  base;  diameters 
were  3  Inches  and  3/8  inch.  Clockwise  rotation  produced  a  similar 
movement  of  the  display. 

Levers 

The  center  controls  were  the  levers,  located  side  by  side  with  the 
vertically  moving  lever  to  the  right.  Diameters  of  the  levers  were 
3/8  inch,  height*  were  1  inch  and  akirta  were  again  provided  at  the 
base.  Ritht  and  upward  movement  respectively  produced  clockwiee 
rotation  of  the  indlcr  r  needle. 

Thumbwheels 

The  final  controls  of  the  series  were  the  thumbwheels  located  at 
the  l.wer  right  console  position.  They  were  l/1*  inch  wide  and  pro¬ 
truded  l/U  inch  above  the  panel  surface  which  subtended  a  l-i/2  inch 
chord  on  the  control.  Control  edges  vera  serrated.  Right  movement 
of  the  horizontal  control  and  downward  moveme-.t  of  the  vertical 
control  were  necessary  to  mova  the  pointer  of  the  indicator  in  a 
clockwise  direction.  The  vertical  control  waa  Seated  to  the  right. 

Left  Hand  Indicators  and  Control* 

To  the  left  of  the  CRT  on  the  display  panel  were  'ive  '.-digit  counter 
readouts  and  an  airspeed  Indicator.  The  airspeed  indicator  was  con¬ 
trolled  by  "throttle"  movement  with  3  inche*  control  movement  required 
to  produce  1  inch  needle  movement  on  the  display.  Forward  throttle 
adjustment  increased  indicated  "airspeed". 
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The  throttle  consisted  of  a  5-1/2  inch  lever  on  top  of  an  aisle  stand 
located  adjacent  to  the  left  hand  side  of  the  seat.  In  the  rear  posi¬ 
tion  the  tip  of  the  lever  was  16  inches  forward  of  the  subject  elbow 
position  and  2k  inches  from  the  floor.  Force  requirements  could  be 
set  at  l/2,  5,  or  10  pounds. 

At  the  upper  portion  of  the  central  display  panel  were  two  toggle 
switches  located  toward  each  edge,  and  a  centrally  located  clock. 
Jeweled  indicator  lights  adjacent  to  these,  and  all  panel  displays 
and  controls  except  the  tracking  indicators,  served  to  inform  the 
subject  of  the  action  required  in  the  testing  sequence. 

v ibr at i o n  Condi t ions 


Vibration  conditions  used  in  this  phase  of  the  study,  as  in  the  case 
of  earlier  program  performance  studies,  were  selected  from  four  sub¬ 
jective  reaction  levels  to  vertical,  sinusoidal  vibration.  These 
levels:  definitely  perceptible;  mildly  annoying;  extremely  annoying; 
and  alarming,  were  established  as  the  first  phase  of  the  progrsm 
(Ref.  2).  In  establishing  curves  for  the  levels,  16  discrete  frequen¬ 
cies  ranging  from  1  through  27  cycles  per  second  (cps)  were  used. 

Means  of  individual  amplitude  selections  at  each  frequency  used  to 
derive  the  curves  were  selected  for  use  for  additional  testing,  making 
6k  vibration  conditions  available.  However,  only  1*0  were  used  in  these 
experiments.  Magid  and  Coermann  (Ref.  7)  indicated  decreased  physical 
tolerance  for  vibration  in  the  4  to  8  cps  frequency  range.  With  the 
time  required  at  each  vibration  condition  for  this  study,  it  was  deemed 
advisable  ir.  light  of  these  findings  to  eliminate  those  frequencies 
from  f«  test  sequence  at  the  extremely  annoying  and  alarming  levels 
to  avoid  the  possibility  of  subject  tissue  damage.  In  addition, 
because  of  suspected  similarities  in  performance  of  the  realitively 
simple  tasks  at  level  1  and  with  no  vibration,  level  1  conditions  were 
not  used  for  testing  except  in  that  range  where  1»vels  3  &  **  co'dd  not. 
be  used. 

Table  I  describes  fie  vibration  conditions  of  the  experiment  in  terms 
of  double  amplitude  (DA)  and  acceleration  (0).  Shaded  portions  of  the 
table  identify  conditions  not  tested. 


TABLE  I 

VIBRATION  CONDITIONS  USED  IN  VISUAL-MOTOR  PERFORMANCE  EXPERIMENT 
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•Double  Amplitude  Displacement  in  inches 
•Acceleration  Force,  G  =  .0511  F2DA 


It  had  been  evident  that  mechanical  and  hydraulic  properties  of  the 
equipment  system  were  introducing  distortion  into  the  sine  wave  output 
of  the  vibration  table.  An  analysis  of  table  input  versus  table  output 
revealed  that  the  distortion  was  due  primarily  to  table  friction. 

This  friction  was  greatest  at  the  peak  of  the  sine  waves  and  thus  result¬ 
ed  in  a  clipping  of  the  wave  form  output  of  the  table.  This  is  illus¬ 
trated  in  the  drawing  below. 


Wave  Input  Shape  Displacement  Wave  Output  Shape 


This  distortion  of  the  wave  form  resulted  in  significant  third  and 
fifth  harmonics  being  generated  in  the  output.  Since  the  distortion 
source  was  essentially  constant,  it  exerted  a  proportionately  greater 
influence  at  lower  amplitudes  than  at  higher  amplitudes. 

Portion  also  varied  a a  a  function  of  frequency  (eps).  The  relation¬ 
ship  with  frequency  is  not  a  regular  one  since  other  factors,  i.e. 
resonant  frequency  of  the  table  itself  and  occursnce  of  odd  and  even 
harmonica,  complicated  the  frequency  picture. 

The  resulting  distortion  was  analyzed  with  a  describing  function  (see 
Boeing  document  D3-‘+93T,  reference  8)  and  empirically  verified  on  the 
table.  Th .  notional  relation-hip  betwee-  distortion  ocs  (Es)  and 
fundamental  amplitude  ( subjective  reaction  levels  1,  3,  M  i*5 

presented  in  Figure  4.  It  can  be  seen  that  in  the  three  frequencies 
chosen  (2  epe,  12  cps,  and  27  epe)  the  greatest  proportionate  itr-or- 
tion  occurs  at  subjective  reaction  level  1. 
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Subjective  Reaction  Levels 

FIGURE  4.  DISTORT  CON  CURVES  FOR  SELECTED  FREQUENCIES  (AT  FOUR  REACTION  LEVELS) 


rimntal  Sequence  and  Procedures 


Test  procedures  for  this  phase  of  the  program  were  very  much  as  they 
had  been  throughout  program  testing.  Two  hours  were  scheduled  for 
each  test  session,  with  individual  subject  sessions  at  least  72  hours 
apart.  Subjects  were  flight  coveralls,  street  sh^es  and  light  gloves, 
and  were  fitted  with  ECO  leads  for  medical  monitoring  during  each  test. 

Prior  to  each  session  the  subject  was  given  a  limited  medical  examina¬ 
tion  by  the  attending  phyoican  and  a  briefing  on  "est.  procedures  and 
instructions  by  the  experimenter  (Appendix  A).  After  proceeding  to 
the  test  area,  the  subject  was  situated  in  the  test  facility,  ECO  irvis 
were  connected  to  monitoring  equipment  ai.d  ci, ’cited,  and  .  ced  . 
were  reviewed. 
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During  initial  sessions,  practice  runs  were  made  until  subjects  had 
become  familiar  with  the  experiment,  the  apparatus  and  the  tasks 
involved.  If  this  was  completed  during  the  allotted  2  hour  time 
period,  vibration  testing  started.  Tf  not,  the  subject  was  released 
with  practice  continuing  at  the  next  session.  Performance  stabiliza¬ 
tion  served  as  the  criterion  for  practice  completion. 

At  the  start  of  each  day's  testing,  performance  data  with  no  vibra¬ 
tion  were  gathered  for  use  as  controls  against  which  vibration  data 
for  that  day  could  be  compared.  A  test  sequence  lasted  approximately 
eight  and  one  half  minutes  with  three  minutes  allowed  between  tests. 
Tasks  for  the  tests  were  presented  in  random  order  according  t.o  on® 
of  eight  pre-determined  programs.  An  average  of  five  test  sequences 
were  completed  each  session.  A  medical  doctor  monitored  all  vibration 
sessions. 


f  ^ 


T 
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SPEED,  ACCURACY  &  CONTROL  FORCE  EXPERIMENT 
Data  Collection  Procedures 

The  right  hand  manual  task  controls  located  on  the  right  wing  of  the 
control-display  panel  were  utilized  in  this  portion  of  the  program. 
Adjustment  error  to  the  nearest  .1  degree  and  time  requirements  to 
the  nearest  .1  second  were  obtained  for  each  control  under  the  various 
control  forces  (2/3,  1-1/3,  &  2  lbs.)  and  vibration  conditions  (Table  1). 

Eight  predetermined  random  programs  were  utilized  to  provide  stimulus 
inputs  to  the  subjects.  Upon  illumination  of  an  indicator  light  adjacent 
to  any  of  the  controls,  subjects,  as  previously  instructed,  utilized 
that  control  to  adjust  the  right  heading  indicator  to  the  350°  position. 
Deviations  10,  20  or  30°  to  either  right  or  left  of  the  command  position 
were  utilized  in  random  order,  with  three  time  and  error  measurements 
taken  for  each  control  at  each  of  the  force  and  vibration  conditions. 
Seven  seconds  were  available  in  which  to  make  each  setting. 

Data  Analysis 

The  conditions  of  the  experiment  involved  variations  in  the  type  of 
control  being  utilized,  control  force  requirements,  vibration  severity 
(subjective  reaction  levels),  and  vibration  frequency,  all  of  which 
varied  simultaneously  in  repeated  observations  of  six  subjects.  Two 
dependent  variables  (error  &  time  scores)  were  sampled  under  each 
condition 

Four  dimensional  analyses  of  variance  (ANOV)  uere  utilized  in  the 
analysis  procedures.  It  will  be  recalled  that  certain  frequencies 
were  omitted  from  the  experiment  at  the  "extremely  annoying"  and 
"alarming"  levels  to  avoid  the  possibility  of  bodily  harm  to  subjects. 
Thus,  .wo  analyses  of  each  type  desired  were  required  to  cover  the 
whole  renge  of  vibration  conditions  used.  Analysis  I  of  each  type 
involved  9  frequencies  (1,  10,  12,  lU,  l6,  18,  20,  23,  &  27  cps)  at 
3  subjective  reaction  levels  (2,  3,  Se  A).  Analysis  XI,  in  each  case, 
was  concerned  with  5  frequencies  (3,  **,  5,  6,  4  8  ops)  at  2  levels 
(1  &  2).  The  vibration  conditions  used  in  each  of  the  analyses  are 
shown  respectively  la  Tables  II  and  III. 


Initially,  analyses  utilizing  time  and  error  scores  obtained  under  the 
median  ccntrcl  force  (1-1/3  lb.)  were  performed  with  subjective  reaction 
levels  (A),  control  type  (B),  vibration  frequency  (C)  and  subjects  (r.‘ 
making  up  the  four  dimensions.  (Subjects  emerge  as  a  dimension  because 
of  repeated  measurements  on  each  of  the  other  dimensions.)  Thus  n 
"3  x  6  x  9  x  6"  and  a  "2  x  6  x  ?  x  6"  factorial  each  for  ‘  ine  and  error 
scores  were  requited.  Also,  in  order  to  ferret  out  dUToreiv'ea  in  the 
results  due  to  vibration  from  t.uose  in:.e:v:.t  in  ‘tie  oor.tr -Is  themselves, 


I 
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and  those  due  to  normal  day-to-day  fluctuations,  each  of  the  analyses 
were  performed  using  scores  obtained  under  vibration,  and  difference 
scores  between  vibration  and  the  no-vibration  condition  performances 
for  a  given  test  sequence. 

To  determine  the  effects  of  control  forces  on  the  accuracy  and  speed 
of  the  various  assigned  tasks,  additional  analyses  with  levels,  required 
control  forces,  frequencies,  and  subjects  serving  as  the* dimensions 
were  performed  for  each  of  the  six  controls.  As  before,  two  analyses 
("3  x  3  x  9  x  6"  and  ”2  x  3  x  5  x  6"  factorials)  were  required  to  cover 
the  vibration  conditions  used  and  both  vibration  and  difference  scores 
were  analyzed.  Again,  time  and  error  scores  served  as  the  dependent 
variables. 

Results  and  Interpretation 

Significance  columns  from  each  of  the  eight  ANOV  summary  tables  used 
in  the  speed  and  accuracy  analyses  are  shown  in  Table  IV.  Since  each 
of  the  analyses  is  intended  to  clarify  an  individual  portion  of  the 
same  problem,  a  composite  approach  to  both  data  presentation  and  discus¬ 
sion  is  utilized  in  this  report.  Individual  analysis  summary  tables  are 
included  in  Appendix  B,  Pages  Uo  -  43. 

Aa  may  be  seem  from  Table  4,  the  only  significant  main  effect  in  any 
of  the  analyaes,  other  than  the  variations  in  scores  between  subjects, 
ia  that  concerned  with  the  differences  in  time  required  to  adjust  the 
various  controls  under  the  vibration  condition.  Also,  because  of  the 
lack  of  a  significant  difference  in  the  time  to  adjust  the  controls 
when  analyzed  using  difference  soores,  an  adjustment  time  difference 
under  the  non-vibration  condition  is  a  logical  conclusion.  Plots  of 
the  main  effects  of  the  analysis  under  both  the  vibrating  and  the  non¬ 
vibrating  conditions  are  shown  in  Figure  3.  This  also  contains  the 
most  significant  of  the  differences  between  subjects. 

Aa  is  evident  1c  the  Figure,  the  email  knob  is  adjusted  moat  quickly 
under  vibration,  with  the  large  knob  and  the  horizontally  mounted  lever 
and  thumbwheel  approximately  iqual  in  aecond  place  and  the  vertically 
mounted  controls  requiring  the  aoet  time.  Also,  as  indicated  by  the 
analytes,  this  pattern  remains  much  the  same  under  the  no-vlbratlon 
condition,  with  a  small  increase  in  time  produced  on  all  controls  except 
one  with  the  addition  of  vibration. 

It  should  be  pointed  out,  that  although  the  differences  between  adjust- 
sent  tints  utilising  ths  various  controls  proved  elgr.ificant  in  this 
analysis,  the  real  differences  in  terms  of  adjustment  time  are  in  aL. 
caste  lets  than  .3  second,  or  leae  than  1014  of  the  total.  With  equal 
error  produotlt  between  conti wls,  it  le  felt  that  this  difference  la 
of  minor  significance  fron  a  practical  design  standpoint,  end  should 
be  given  consideration  only  if  and  when  other  human  factor  cor  libera¬ 
tions  have  been  optimised. 
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INDICES  OF  SIGNIFICANCE  ON  SPEED  AND  ACCURACY  ANALYSES 
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Also  apparent  from  Figure  5,  is  evidence  of  the  fact  that  subjects  were 
the  major  source  of  variation  in  the  experiment.  With  the  degrees  of 
freedom  involved  in  the  repeated  design,  little  is  to  be  gained  by  an 
attempt  to  interpret  the  numerous  higher  order  interactions  of  subjects 
with  the  other  variables,  and  no  such  attempt  has  been  made. 

Results  of  the  control  force  analyses  are  shown  in  Tables  V,  VI,  VII, 
and  VIII.  Tables  V  and  VII  respectively  show  the  results  of  analyses 
performed  on  error  and  time  scores  obtained  under  vibration;  VI  and 
VIII  show  results  of  similar  analyses  performed  on  the  differences 
between  scores  obtained  under  the  vibration  and  no-vibration  conditions. 
Individual  ANOV  summary  sheets  are  included  in  Appendix  B,  pages  44  -  67. 

As  may  be  seen  in  Tables  V  and  VI,  differences  in  error  scores  due  to 
variations  in  control  force  are  significant  only  for  the  horizontal  lever 
under  vibration,  and  for  the  large  knob  when  using  vibration-no-vibratlon 
difference  scores  (significant  main  effects  B).  In  addition,  the  differ¬ 
ence  scores  for  the  large  knob  vary  not  only  as  a  function  of  the  control 
force  required,  but  these  differences  vary  significantly  between  subjects 
(BP  interaction).  Plots  of  the  mean  scores  obtained  under  the  two  condi¬ 
tions  using  each  control  are  shown  in  Figure  6. 

Again,  although  there  are  two  items  of  significance  present,  Figure  6 
clearly  shows  that  no  control  or  control  force  is  markedly  different  in 
its  effect  on  control  error  than  its  counterparts,  with  only  a  slight 
overall  decrease  in  error  under  the  vibration  condition  when  utilising 
the  median  control  force  (1-1/3  lb) .  There  is  however,  a  consistent 
increase  in  error  production  in  all  cases  when  encountering  vibration. 
Further,  the  significance  tables  Indicate  that  these  composite  effects 
are  generally  independent  of  the  frequency  o-‘  level  of  vibration  pre¬ 
sent  in  this  experiment  although  apparently  random  differential  effects 
occur  between  subjects. 

Utilising  the  median  control  force  where  errors  are  minimal,  vibration 
produce!  an  average  error  Increase  of  25 ovei  e\l  controls.  In  the 
experimental  task  employed  to  obtain  these  date,  this  difference  means 
an  error  Increase  of  slightly  over  .1  degree.  Fr*..  a  design  standpoint, 
the  critical  accuracies  of  the  various  tasks  to  be  performed  in  a  vibrat¬ 
ing  environment  would  need  to  be  considered  prior  to  a  decision  on  the 
practical  significance  of  such  a  difference.  It  is  entirely  feasible 
that  situations  could  exist  where  a  25)1  error  increase  even  in  terms 
of  .1  degree,  could  mean  the  difference  between  mission  eueceee  or  fail¬ 
ure,  and  of  course,  situations  also  could  occur  where  it  would  make  no 
difference  whatsoever.  These  are  conditions  which  must  be  considers* 
by  the  design  engineer  specific  to  e  particular  design  situation. 


i 

i 

! 


TABLE  VI  ] 

INDICES  OF  SIGNIFICANCE  ON  CONTROL  FORCE  ANALYSIS 
ERROR  DIFFERENCE  SCORES 
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TABLE  VII 

INDICES  OF  SIGNIFICANCE  ON  CONTROL  FORCE  ANALYSIS 
VIBRATION  TIME  SCORES 
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TABLE  VIII 

INDICES  OF  SIGNIFICANCE  ON  CONTROL  FORCE  ANALYSIS 
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Tables  VII  and  VIII  show  that  the  times  necessary  to  adjust  ail  con¬ 
trols  vary  as  a  function  of  the  control  force  required,  and  that,  in 
the  case  of  the  small  knob  and  vertical  thumbwheel,  the  differences 
in  time  between  the  vibration  and  no-vibration  conditions  also  vary. 

Times  required  for  adjustment  of  each  control  with  each  of  the  required 
control  forces  under  the  vibration  and  no-vibration  conditions  are 
shown  in  Figure  7* 

Several  things  are  evident  from  an  inspection  of  the  figure.  Initi¬ 
ally  it  can  be  seen  that  little  difference  exists  between  adjustment 
times  of  the  two  knobs,  while  the  lever  and  thumbwheel  mounted  in  the 
plane  of  vibration  take  considerably  longer  to  adjust  than  their 
counterparts  mounted  perpendicular  to  the  vibration.  Secondly,  ns 
would  be  predicted  and  as  was  noted  in  the  previous  analysis,  adjust¬ 
ment  time  in  nearly  every  case  increases  with  the  addition  of  vibra¬ 
tion  to  the  environment.  And  finally,  adjustment  times  for  each 
control  are  nearly  equal  between  the  first  two  required  control  force 
values  (2/3  4  1-1/3  lbs.)  with  a  notable  increase  produced  by  the 
third.  Thus,  from  a  design  standpoint,  adjustment  time  can  be  expected 
to  increase  if  vibration  is  to  be  encountered  in  the  operational  environ¬ 
ment;  controls  should  be  mounted  perpendicular  to  the  expected  plane  of 
vibration;  and  less  than  2  pounds  control  force  at  the  point  of  applica¬ 
tion  should  be  used  if  controls  similar  to  those  employed  in  this 
experiment  are  to  be  used. 

1 
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INCREASED  WORK  LOAD  EXPERIMENT 
Data  Collection  Procedures 

All  controls  and  displays  available  to  the  subjects  except  the  rudder 
pedals  were  utilized  in  this  portion  of  the  program.  The  right  hand 
manual  task  controls  again  served  as  the  controls  from  which  the 
dependent  variables  (error  and  time)  were  recorded  for  analysis  pur¬ 
poses.  However,  only  the  l-l/3  pound  control  force  requirement  was 
used,  with  k  readings  of  error  and  time  on  each  control  utilized  for 
each  test  run. 

In  addition  to  the  knob,  lever,  and  thumbwheel  settings,  subjects  were 
required  to  accomplish  a  number  of  increased  work  load  tasks  cor°-<  «+ir.g 
of  the  following  items: 

A.  Continuous  compensatory  tracking  of  "pitch"  and  "heading" 
utilizing  the  wheel  and  column  to  center  the  heading  indicator 
and  the  projected  line  on  the  panel  CRT. 

B.  Verbal  reports  of  U  readings  each  of  the  five  five-digit 
counters. 

C.  Four  adjustments  of  "airspeed"  utilizing  the  "throttle". 

D.  Three  actuation#  each  of  the  two  toggle  switches. 

E.  Four  verbal  reports  of  the  clock  indication  to  the  nearest 
minute . 

Although  subjects  were  not  notified  of  the  fact,  these  additional  tasxo 
served  only  to  increase  operator  work  load,  and  data  were  not  recorded. 

As  in  the  previous  experiment,  eight  predetermined  random  programs  were 
utilized  to  provide  the  stimulus  inputs  for  the  discrete  tasks  tc  the 
subjects.  Illumination  of  an  indicator  light  adjacent  to  the  display  or 
control  cued  the  subject  to  the  appropriate  tank,  with  time  limitations 
the  tame  aa  before. 

Vibration  condition#  for  thi#  portion  of  the  program  were  selected  to 
representatively  sample  those  used  in  the  speed,  accuracy,  and  control 
force  experiment,  and  are  ahovn  in  Table  IX.  irfith  the  1  ;k  of  a  consis¬ 
tent  difference  ir.  results  due  to  frequency  in  the  previous  experiment, 
deletion  of  approximately  one-half  the  vibration  conditions  to  achieve  a 
comparable  reduction  in  test  time  seemed  appropriate. 

Data  Analysis 

Error  and  tl re  scores  obtained  under  the  increased  work  load  situation 
were  'u  be  compared  with  similar  scores  obtained  during  the  previous  tests. 
ri..s,  repeated  measurements  for  all  subjects  were  obtained  for  eich  control 
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TABLE  DC 
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INCREASED  WORK  LOAD  ANALYSIS 
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under  conditions  which  varied  simultaneously  between  operator  work  load, 
vibration  frequency,  and  vibration  severity.  These  data  were  again  cast 
into  four  dimensional  ANOV's  for  each  control.  Vibration  scores  and  the 
difference  between  vibration  and  no  vibration  scores  for  both  control 
accuracy  and  adjustment  time  served  as  the  respective  dependent  variables. 

Results  and  Interpretation 


As  in  previous  sections  of  the  report,  results  of  this  experiment  are 
treated  ar.d  discussed  as  a  unit.  Significance  columns  from  each  of  the 
analyses  performed  are  shown  in  Tables  X  and  XI.  Table  X  shows  results 
of  tests  on  adjustment  error.  Table  XI  shows  results  of  similar  tests  on 
adjustment  times. 

From  Table  X,  the  effect  o i  different  work  loads  on  the  accuracy  of  the 
operator  are  seen  to  be  highly  significant  for  all  controls,  (main  wffeoi.  B) 
and  this  is  the  only  consistent  effect  present.  However,  these  effects  do 
vary  on  the  knobs  and  horizontal  thumbwheel  as  a  function  of  the  subject 
involved.  Also,  as  a  conclusion  from  the  lack  of  significance  values  when 
utilizing  difference  scores,  the  differences  are  seen  to  exist  in  both 
the  vibration  and  no  vibration  conditions.  Figure  8  illustrates  these 
relationships  for  each  of  the  controls. 

Table  XI  shows  a  similar  variance  in  adjustment  time  between  the  two  work 
load  situations,  both  in  the  vibration  and  no  vibration  conditions.  Also 
present,  however,  is  a  consistent  difference  in  time  requirements  between 
subjects,  as  was  the  case  in  the  previous  experiment.  Plots  of  mean 
adjustment  times  for  each  of  the  controls  and  wort  situations  are  shown 
in  Figure  9* 

Immediately  apparent  from  inspection  of  the  Figures  is  the  degrading  effect 
a  wort  overload  has  on  operutor  performance.  Adjustment  error  is  approxi¬ 
mately  tripled,  ar.d  the  tine  required  for  adjustment  is  approximately 
doubled  between  the  two  conditions  of  this  experiment.  Also  evident  is  the 
fact  tha  the  effect  Is  independent  of  the  vibration  conditions,  on  both 
variables. 

A  composite  look  st  the  results  of  this  portion  of  the  vibration  program 
indicates  that  operator  wort  load  is  sir.gulnrly  »h*  most  important  item  to 
which  consideration  should  be  given  in  the  design  c".  manned  systems. 
Although  under  moderate  wort  load  conditions,  the  vibration  and  control 
force  situations  considered  in  the  program  are  seen  to  affect  operator 
performance  to  eome  uegree,  these  effects  are  completely  overbalanced  by 
the  degradation  produced  in  a  high  wort  load  condition,  liras,  It  appears 
that  the  operator,  although  a  good  environment  and  control  detlgn  facili¬ 
tate  his  performance,  can  vithir,  the  Units  of  these  experiments,  adjust 
to  less  than  optimum  control  conditions  If  alternate  demands  do  n  t 
compromise  his  attention  to  the  assigned  tank. 


V 


TABLE  X 


D3-3512-5 

pa#;  3 0 


INDICES  OF  SIGNIFICANCE  ON  INCREASED  WORK  LOAD  ANALYSIS 


ERROR  SCORES 
J  J 


BS  ns 

§  §  |  g 

s  s  a  a 


w  w 

3  I 
i  I 


M  W 


«  tf 

B  3 


□  N 

3  8 

<n  x 


A  (LEVELS) 

B  (WORK  LOAD) 

C  (FREQUENCIES) 
P  (SUBJECTS) 


A3  CP 


VIBRATION  SCORES 


•  p  <  ,05 

•*  p  <  .01 
•••  p  <  .001 


D3-3512-5 
page  31 


TABLE  XI 

INDICES  OF  SIGNIFICANCE  ON  INCREASED  WORK  LOAD  ANALYSIS 
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VERTICAL  LEVER 
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FIGURE  8 

MEAN  ERROR  SCORES,  CONTROL  VERSUS  OPERATOR  WORK  LEVEL 
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MGURE  9 

MEAN  ADJUSTMENT  TIMES,  CONTROL  VERSUS  OPERATOR  WORK  LEVEL 
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SUMMARY  Aim  COIICLUSIOIiS 


Sevan  subjects  participated  in  two  experiments  to  determine  the  effects 
of  vibration,  control  force,  and  work  load  on  the  speed  and  accuracy  of 
visual -motor  performance  utilizing  various  types  and  sizes  of  controls. 

Several  conclusions  can  be  drawn  frcm  the  results  of  these  experiments. 

1 .  Comparisons  between  controls  used  in  the  experiments  show  no  signi¬ 
ficant  differences  in  the  accuracy  of  accomplishing  the  assigned 
task. 

2.  The  times  required  to  accomplish  the  assigned  task  vary  significantly 
between  controls,  with  the  controls  which  moved  vertically  requiring 
the  most  time. 

3.  In  a  moderate  work  load  condition,  the  addition  of  vibration  to  the 
operational  environment  produces  increases  in  both  adjustment  error 
and  time  at  all  of  the  intensities  and  frequencies  of  vibration 
encountered  in  this  study.  However,  the  vibration  environment 
decreases  in  relative  significance  as  the  operator  work  level  ap¬ 
proaches  an  overload  condition. 

k.  Control  forces  of  2  pounds  produce  slight  increases  in  error  and 
significant  increases  in  adjustment  time  over  those  produced  by  the 
lower  control  forces.  -s 

5.  High  work  load  conditions  nearly  doable  the  time  and  triple  the 

error  of  adjustments  made  by  the  operator  with  the  controls  used  in  1 

these  experiments. 

Although  the  data  generated  in  these  experiments  provide  some  insight 
into  the  effects  of  vibration  on  the  accomplishment  of  visual-motor 
tasks,  they  are,  as  expected,  quite  limited  in  scope.  Similar  investi¬ 
gations  ore  needed  on  other  tasks  typical  of  Joba  commonly  performed 
in  a  vibration  environment  such  as  tracking,  ar.u  more  detailed  research 
with  tighter  control  la  required  to  completely  cover  tho  areas  reported 
in  this  study.  Based  on  these  data,  additional  effort  in  the  visual- 
motor  area  should  first  be  directed  toward  a  bette-  understanding  of 
the  manner  in  which  vibration  interact*  with  varying  degrees  of  operator 
work  load.  We  have  seen  that  with  a  moderate  work  load,  vibration  has 
a  serious  effect  on  performance,  and  that  with  a  very  high  work  assign¬ 
ment,  vil  -otion  makes  little  difference.  Knowledge  of  w*'*t  happen# 
between  these  conditions,  and  where  within  the  range  it  Happens,  would 
greatly  eni.ar.ee  our  understanding  of  human  capabilities  in  a  vibration 
environment  • 
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Subject  Descriptions 

Subject 

Age 

Height 

Weight 

1. 

41 

72 

225 

2. 

40 

72 

180 

3. 

34 

71 

190 

4. 

44 

68 

160 

5- 

l'l 

67 

175 

6. 

*»3 

b7 

170 

7- 

45 

67 

160 
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SPEED,  ACCURACY,  AND  CONTROL  FORCE  EXPERIMENT  INSTRUCTIONS 

This  experiment  is  designed  to  study  vibration  effects  on  linear 
and  rotary  control  adjustments .  The  test  requirements  are  to  set 
the  pointer  on  the  right  panel  indicator  by  adjusting  a  knob,  lever, 
or  thumbwheel  control  located  on  the  right  wing  of  the  display-panel. 

Use  natural  hand  and  arm  movements  to  regulate  the  controls  for  an 
indicator  setting  of  350*.  Rightward,  clockwise  or  upward  movement 
of  all  controls  but  one  will  move  the  needle  clockwise.  The  verti¬ 
cally  oriented  thumbwheel  reverses  the  order,  a  downward  movement 
causes  clockwise  pointer  movement.  An  amber  caution  light  located 
by  each  will  identify  the  control  to  be  adjusted.  The  sequence  of 
presentations  will  be  random.  Time  and  accuracy  for  each  task  win 
be  recorded,  with  settings  to  be  scored  to  0.1*  and  0.1  second. 

Since  vibration  is  expected  to  affect  capability  to  perform  some 
of  these  tasks  and  to  have  no  effect  on  others,  it  is  very  important 
that  any  performance  change  be  related  to  vibration  only.  For  this 
reason,  you  are  asked  to  avoid  discussing  details  of  tasks,  proce¬ 
dures,  and  related  details  for  any  of  the  remaining  tests  with  anyone 
but  the  experimenter.  Eiia  is  particularly  important  since  even 
slight  changes  in  your  method  of  operation  can  be  reflected  in  data 
changes.  Since  these  would  not  be  related  to  task  or  vibration 
changes  and  cannot  be  readily  determined,  the  cause  of  change  could 
become  extremely  difficult  to  analyse,  at  best. 
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INCREASED  WORK  LOAD  EXPERIMENT  INSTRUCTIONS 

This  test  is  designed  to  study  effects  of  vibration  on  performance 
in  a  complex  task.  The  additional  tasks  required  involve  readout 
of  counters;  time  readout;  operation  of  a  throttle-type  .lever  to 
control  a  dial  pointer;  depressing  toggle  switches,  keeping  a  moving 
CRT  displayed  line  aligned  wich  a  fixed  line  by  control  column  fore 
and  aft  movement  and  keeping  a  moving  pointer  aligned  with  a  fixed 
scale  mark  by  control  wheel  rotary  movement. 

The  procedures  for  operation  will  be  the  same  as  in  prior  tests. 
Verbal  readouts  are  required  for  counter  presentations  end  time 
indicated  on  the  clock  in  response  to  the  appropriate  caution  light. 
Toggles,  knobs,  levers  and  thumbwheels  will  be  operated  in  response 
to  caution  light  signals,  and  moving  CRT  and  pointer  alignment  will 
be  required  as  a  continuous  operation.  The  control  display  feedback 
for  the  vertically  moving  display  and  column  arrangement  is  delayed. 
The  moving  pointer  response  to  control  wheel  rotation  will  not 
feature  any  delay. 

Release  of  both  hands  from  the  control  wheel  will  immediately  stop 
vibration  and  this  is  your  prerogative  if  you  feel  the  vibration 
levels  unacceptable. 

Are  there  any  questions? 


APPENDIX  B 


INDIVIDUAL  ANALYSIS  OF  VARIANCE  S1M4AP.Y  TABLES 


TABLE  XII  SPEED  AND  ACCURACY 
ANA  LYSES  .VIBRATION  ERROR  SCORES 
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Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F’ 

A  (levels) 

2-509 

2 

1.254 

1-953 

3  (controls) 

.696 

5 

•  139 

2.317 

C  (frequencies) 

3.490 

8 

.436 

<1 

P  (subjects) 

3-229 

5 

.646 

<1 

AB 

.124 

10 

.012 

<  1 

AC 

9.068 

16 

.604 

I.678 

AP 

3-975 

10 

•  398 

1.106 

3C 

1.423 

40 

.036 

<  1 

BP 

1.735 

25 

.069 

1-533 

CP 

26.544 

40 

.664 

15.810*** 

ABC 

3-379 

80 

.042 

1.000 

ABP 

2.174 

50 

.043 

1.024 

ACP 

28.790 

80 

.360 

8.5,1**+ 

BCP 

9.022 

200 

.045 

1.071 

ABCP 

I6.98I 

400 

.042 

ANALYSIS  I 

Source  of 

Stun 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F’ 

A  (levels) 

-035 

1 

.035 

<1 

B  (controls) 

.451 

5 

.090 

90.00 

C  (frequencies) 

.333 

4 

.084 

2.049 

F  (subjects) 

2.037 

5 

.407 

6.075* 

AB 

.128 

5 

.026 

<1 

AC 

.090 

4 

.022 

<1 

AP 

-333 

5 

.06  {' 

1.970 

BC 

.885 

20 

,'j44 

<1 

BP 

-997 

25 

.040 

<1 

CP 

5.501 

20 

.275 

1.074 

ABC 

.909 

20 

.045 

1.324 

ABP 

1.613 

25 

.065 

1.912* 

ACP 

5-122 

20 

.256 

7.529*** 

BCP 

“.075 

100 

.ui 

1.206 

ABCP 

3 .  —*.7 

i.: 

..34 

ANALYSIS  II 


TABLE  XIII  SPEED  AND  ACCURACY 
ANA  LYSE  S.ERROR  DIFFERENCE  SCORES 


D3-3512-5 
page  41 


Source  of 
Variability 

Sun 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (levels) 

.825 

2 

.412 

1.648 

B  (controls) 

1.510 

5 

.302 

2.221 

C  (frequencies) 

2.624 

8 

.328 

<1 

P  (subjects) 

7-200 

5 

1.440 

4.286** 

AB 

•  555 

10 

.056 

<1 

AC 

5.453 

16 

•  340 

1.156 

AP 

2.037 

10 

.204 

<1 

BC 

2.105 

40 

.055 

<1 

BP 

3.539 

25 

.144 

2.286** 

CP 

13.442 

40 

•336 

5.333*** 

ABC 

5-597 

80 

.070 

1.111 

ABP 

3.993 

50 

.000 

1.270 

ACP 

23-519 

80 

.294 

4.667*** 

3CP 

12.610 

200 

.063 

1.000 

ABCP 

25.142 

400 

.063 

ANALYSIS  I 


Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (levels) 

.256 

1 

.256 

1.032 

B  (controls) 

.791 

5 

.158 

2.026 

C  (frequencies) 

.296 

4 

.074 

<1 

P  (subjects) 

4.137 

5 

.827 

3-335 

AB 

.260 

5 

.Cj2 

<1 

AC 

.788 

4 

.197 

<1 

AP 

1.239 

5 

.240 

4.203** 

BC 

1.111 

20 

.036 

<1 

BP 

2.168 

25 

.099 

1.356 

CP 

4.011 

20 

.241 

<1 

ABC 

1.818 

20 

.241 

1.542 

ABP 

1.831 

25 

.073 

1.237 

ACP 

5.564 

20 

.278 

4.712*** 

BCP 

5.472 

100 

.055 

<1 

ABCP 

-5.923 

100 

.059 

ANALYSIS  □ 


TABLE  XIV  SPEED  AND  ACCURACY 
ANA  LYSES, VIBRATION  TIME  SCORES 
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Source  r * 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F' 

A  (levels) 

4.719 

2 

2.360 

3.367 

B  (controls) 

12.136 

5 

2.427 

3.492* 

C  (frequencies) 

5.727 

8 

.716 

1.095 

P  (subjects) 

87.827 

5 

17.565 

26.858*+* 

AB 

1.763 

10 

.176 

<1 

AC 

12.587 

16 

.787 

1.019 

AP 

6.858 

10 

.686 

<1 

BC 

9-745 

40 

.244 

1.099 

BP 

16.832 

25 

.673 

3.032*+* 

CP 

26.148 

40 

.654 

3.042+** 

ABC 

22.522 

80 

.282 

1.312 

ABP 

8.402 

50 

.168 

<1 

ACP 

61.789 

80 

.772 

3.591**# 

BCP 

44.481 

200 

.222 

1.033 

ABCP 

86.158 

400 

.215 

ANALYSIS  I 

Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

For  F' 

A  (levels) 

.006 

1 

.006 

<1 

B  (controls) 

3.533 

5 

.707 

1.234 

C  (frequencies) 

3.664 

4 

.916 

<1 

P  (subjects) 

34.479 

5 

6.896 

5.575* 

AB 

1.595 

5 

.319 

1.271 

AC 

4.596 

4 

1.1 49 

1.974 

AP 

6.183 

5 

1.237 

7.069*** 

BC 

4.986 

20 

.249 

<1 

BP 

12.636 

25 

.505 

0.012* 

CP 

22.773 

20 

1.139 

1.957 

ABC 

5.189 

20 

.259 

1.480 

ABP 

6.272 

25 

.251 

1.434 

ACP 

11.647 

20 

.582 

3 . 326*+* 

acp 

a .  301 

100 

.213 

1.217 

ABCP 

17.463 

100 

.175 

ANALYSIS  n 
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TABLE  XV  SPEED  AND  ACCURACY 
ANALYSES,TIME  DIFFERENCE  SCORES 


Source  of 
Variability 

Sun 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (levels) 

.897 

2 

.448 

<1 

B  (controls) 

4.649 

5 

.930 

1.553 

C  (frequencies) 

1.802 

8 

.225 

<1 

?  (subjects) 

3-511 

5 

.702 

1.162 

AB 

2.486 

10 

.249 

<  1 

AC 

9.008 

16 

.563 

1.609 

AP 

5.241 

10 

.524 

1.497 

BC 

10.387 

40 

.260 

<1 

BP 

15.052 

25 

.634 

2.149** 

CP 

24.147 

40 

.604 

1.961** 

ABC 

27.961 

80 

.350 

1.136 

ABP 

10.496 

50 

.210 

<  1 

ACP 

28.008 

80 

.350 

1.136 

BCP 

58.947 

200 

.295 

<1 

ABCP 

123.016 

400 

.308 

ANALYSIS  I 


Source  of 
Variability 

Sun 

Sauares 

df 

Mean 

Sauares 

LarJl 

A  (levels) 

.073 

1 

.073 

<  1 

B  (controls) 

1.230 

5 

.256 

<  1 

C  (frequencies) 

.512 

4 

.128 

<  1 

F  (s<  tjects) 

1.094 

5 

.219 

<1 

AB 

1.730 

5 

.346 

1.189 

AC 

5.557 

4 

1.389 

6.910** 

AP 

5.888 

5 

1.1/3 

3-764** 

BC 

7.913 

20 

.396 

1.138 

BP 

11.549 

25 

.462 

1.583 

CP 

9.435 

20 

.472 

2.348* 

ABC 

6.413 

20 

.321 

1.026 

ABP 

7.282 

25 

.291 

<  1 

ACP 

4.027 

20 

.201 

<  1 

BCP 

33.350 

100 

.334 

1.067 

ABCP 

31.256 

100 

.313 

ANALYSIS  n 
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TABLE  XVi  CONTROL  FORCE  ANALYSES 
VIBRATION  ERROR  SCORES, LARGE  KNOB 


Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F’ 

A  (levels) 

.750 

2 

.379 

<  1 

B  (forces) 

.070 

2 

.035 

<  1 

C  (frequencies) 

2.169 

8 

.271 

<  1 

P  (subjects) 

1.630 

5 

.326 

<  1 

AB 

.073 

4 

.018 

<  1 

AC 

6.279 

16 

•  392 

1.815* 

AP 

2.169 

10 

.217 

1.00 

BC 

.439 

16 

.027 

<1 

BP 

.561 

10 

.056 

1.556 

CP 

15.493 

40 

.387 

9- 923*** 

ABC 

1.591 

32 

.050 

1.282 

ABP 

.838 

20 

.042 

1.077 

ACP 

16.849 

80 

.216 

5.538*** 

BCP 

2.907 

80 

.036 

<1 

ABCP 

6.265 

160 

•  039 

ANALYSIS  I 


Source  of 

Sub 

Mean 

Variability 

Squares 

df 

Squares 

r  or  F' 

A  (levels) 

.057 

1 

.057 

2.280 

B  (forces) 

.066 

2 

.033 

2.538 

C  (frequencies) 

.262 

4 

.065 

<1 

P  (subjects) 

.265 

5 

.053 

2.120 

AB 

.015 

2 

.008 

<  1 

AC 

.421 

4 

.105 

<1 

AP 

.123 

5 

.025 

1.087 

BC 

.120 

8 

.015 

<  1 

BP 

.226 

10 

.023 

1.278 

CP 

2.916 

20 

.146 

<1 

ABC 

.234 

8 

.029 

1.261 

ABP 

.185 

10 

.018 

<1 

ACP 

3-285 

20 

.164 

(.130** 

BCP 

1.120 

40 

.026 

1.217 

ABC? 

•920 

40 

.023 

ANALYSIS  n 
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Source  of 

Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F’ 

A  (levels) 

•  773 

2 

•  386 

<1 

B  (forces) 

.235 

2 

.ll6 

1.636 

C  (frequencies) 

3.852 

8 

.482 

1.470 

P  (subjects) 

2.316 

5 

.463 

1.412 

AB 

.036 

4 

.C09 

<1 

AC 

6.0?8 

lo 

•  377 

1.456 

AP 

2.76C 

10 

.276 

1,066 

BC 

1.225 

16 

.077 

1.481 

BP 

.**53 

10 

.045 

<1 

CP 

13.128 

40 

.326 

5.964*** 

ABC 

1.731 

32 

.054 

<1 

ABP 

1.165 

20 

.053 

1.055 

ACP 

20.730 

80 

.259 

4.709*** 

BC? 

4.144 

8c 

.052 

<1 

ABC? 

8.836 

160 

■  055 

ANALYSIS  I 


Svorce  of 
Variability 

Sum 

Souares 

df 

Naan 

Souares 

F  cr  F’ 

A  (levels) 

.173 

1 

.173 

2.507 

B  (forces) 

.208 

2 

.10  A 

2.311 

C  ^  frequencies) 

.196 

4 

.049 

1.321* 

?  (subjects) 

.945 

5 

.189 

2.73? 

AB 

.128 

2 

.064 

1.730 

AC 

.211 

4 

-53 

<1 

AP 

.344 

5 

.069 

4.929** 

BC 

.222 

8 

.028 

<  1 

BP 

.180 

10 

.013 

<1 

CP 

2.76? 

20 

.138 

<  1 

ABC 

.231 

8 

.029 

2.071 

ABP 

.368 

10 

.03" 

7.643* 

ACP 

3-076 

20 

.154 

11..  o;*** 

BCP 

1.055 

4c 

.026 

1 .657* 

ABCF 

•  573 

40 

•  Gl- 

ANALYSIS  II 
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Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (Levels) 

.488 

2 

.244 

<  1 

B  (Forces) 

.553 

2 

.276 

6.732* 

C  (Frequencies) 

1.090 

8 

.136 

<  1 

P  (Subjects) 

.918 

5 

.184 

<  1 

AB 

.118 

4 

.030 

<  1 

AC 

4.520 

16 

.282 

1.758 

AP 

2.oa 

10 

.202 

1.255 

BC 

.475 

16 

.030 

<  1 

BP 

.485 

10 

.048 

1.297 

CP 

14.627 

40 

.<6 

9.632*** 

ABC 

.892 

38 

.028 

<  1 

ABP 

.887 

20 

.044 

1.158 

ACP 

12.92 

80 

.161 

4.231*** 

BCP 

2.964 

80 

.037 

<  l 

ABC? 

6-139 

160 

.033 

ANALYSIS  I 


Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F' 

A  1 

Levels) 

.008 

1 

.C08 

<  1 

B  1 

Forces) 

.190 

2 

.095 

<  1 

:  l 

Frequencies) 

.128 

4 

.032 

<1 

:»  l 

[Subjects) 

.709 

5 

.158 

1.145 

iVB 

.163 

2 

.061 

1.125 

1C 

.182 

4 

.c46 

<1 

IP 

.698 

l 

3-450* 

!C 

.433 

8 

.054 

1.227 

IP 

.891 

10 

.089 

1.236 

CP 

3.030 

20 

.152 

1.000 

IK 

•  380 

8 

.040 

1.000 

l\PP 

.723 

10 

.072 

*.800 

UP 

3.039 

20 

.152 

3.800*** 

acr 

1.751 

40 

.044 

1.100 

ABCP 

1.615 

40 

.C’O 

ANALYSIS  n 
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Source  of 
Variability 

Sub 

Squaree 

df 

Mean 

Squares 

F  or  F' 

A  (Levels) 

1.237 

2 

.618 

1.850 

B  (Forces) 

.621* 

2 

•  312 

2.737 

C  (Frequencies) 

2.090 

8 

.261 

<  1 

P  (Subjects) 

2.251 

5 

.1*50 

1.351 

AB 

.085 

1* 

.021 

<1 

AC 

**•639 

16 

.290 

1.3**9 

AP 

2.593 

1C 

.259 

1.205 

BC 

1.5W* 

16 

.096 

1.655 

BP 

.757 

10 

.076 

1.310 

CP 

13-31** 

1*0 

.333 

5.371*** 

ABC 

1.983 

32 

.062 

1.000 

ABP 

1.226 

20 

.061 

<1 

ACP 

17.201 

80 

.215 

3.1*68**** 

BCP 

b.669 

80 

.058 

<1 

ABCP 

9.8**3 

160 

.062 

ANALYSIS  I 


8ource  of 

Sue 

Mean 

Variability 

Squares 

df 

Squares 

P  or  P' 

A  (Levels) 

.136 

1 

.136 

3.886 

B  (Forces) 

•051* 

2 

.027 

<  1 

C  (Frequencies) 

.501 

4 

.125 

b.l67 

P  (Subjects) 

.39** 

5 

.079 

2.257 

AB 

.067 

2 

.03* 

<  1 

AC 

.867 

b 

.067 

<  1 

AP 

.175 

5 

.035 

1.667 

BC 

«ls 

8 

.017 

<  1 

BP 

e3SA 

10 

.036 

<  1 

CP 

X  eOdd 

20 

.06b 

<  1 

ABC 

.11*1 

8 

.018 

<1 

AIP 

.383 

10 

.038 

l.AlO 

ACP 

2.1*29 

20 

.121 

5.762*** 

BCP 

ABCP 

i-a 

eO*0 

bo 

bO 

.0b3 

.021 

2.0b8* 

ANALYSIS  Q 


TABLE  XX  CONTROL  FORCE  ANALYSES 
VIBRATION  ERROR  SCORES, HORIZONTAL  THUMBWHEEL 


D3-3512-5 
page  48 


Source  of 
Variability 

Sum 

Squares 

Af 

Mean 

Squares 

F  or  F’ 

A  (Levels) 

1.252 

2 

.626 

1.501 

B  (Forces) 

.446 

2 

.223 

1.088 

C  (Frequencies) 

3.661 

8 

.458 

1.101 

P  (Subjects) 

2.677 

5 

•  535 

1.286 

AB 

•  236 

4 

.059 

<  1 

AC 

6.231 

16 

.389 

1.581 

A P 

2.737 

10 

.274 

1.114 

BC 

I.690 

16 

.106 

<  1 

BP 

2. 4?4 

10 

.247 

1.669 

3.176*** 

CP 

16.642 

40 

.416 

ABC 

4.814 

32 

.150 

1.145 

ABP 

1.970 

20 

.098 

<1 

AGP 

19.642 

80 

.246 

1.878*** 

BCP 

11.826 

80 

.148 

1.130 

ABCP 

20.892 

160 

•  131 

ANALYSIS  I 


Source  of 
Variability 

&VSB 

Squares 

df 

Mean 

Squares 

F  or  F‘ 

A  (Levels) 

.172 

1 

.172 

4.410 

B  (Force*) 

•  255 

2 

.128 

1.196 

C  (Frequencies) 

.443 

4 

•111 

1.776 

P  (Subjects) 

,792 

5 

•  158 

4.051 

AB 

.090 

2 

.045 

<  1 

AC 

.146 

4 

.036 

<  1 

AP 

.193 

5 

.039 

<  1 

BC 

.204 

8 

.026 

<1 

BP 

1.144 

10 

.114 

2.192 

CP 

2.675 

20 

.134 

<1 

ABC 

•  512 

8 

.064 

1.600 

ABP 

.521 

10 

.052 

1.300 

ATP 

3.826 

20 

.191 

4.775*** 

BCP 

1.699 

40 

.042 

1.050 

ABCP 

1.586 

40 

.040 

ANALYSIS  0 
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Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Sauares 

F  or  F* 

A 

(levels) 

1.073 

2 

.536 

2.694 

B 

(forces) 

.631 

2 

•  316 

4.158 

C 

(frequencies) 

3.525 

8 

.441 

1.142 

P 

(subjects) 

1.7Wt 

5 

.349 

<  1 

AB 

.027 

4 

.007 

<  1 

AC 

3.093 

16 

•193 

<  1 

AP 

2.J.45 

10 

.214 

1.029 

BC 

.669 

16 

.042 

<  1 

BP 

.913 

10 

.091 

1.596 

CP 

15.446 

40 

•386 

6.031*** 

ABC 

1.158 

32 

.036 

<1 

ABF 

•96  7 

20 

.046 

<  1 

ACP 

16.610 

80 

.206 

3.250*** 

BC? 

4.573 

80 

.057 

<1 

ABC? 

10.207 

160 

.064 

ANALYSIS  I 

Source  of 

Sun 

Mean 

Variability 

Sfluares 

df 

Sauares 

F  or  F' 

A 

J levels) 

.184 

1 

.184 

4.182 

3 

forces) 

.036 

2 

.016 

1.059 

C 

frequencies) 

.104 

4 

.026 

1.408 

P 

.subjects) 

.475 

5 

.095 

2.159 

AB 

.007 

2 

.004 

<  1 

AC 

.083 

4 

.021 

<  1 

AP 

.219 

5 

.044 

<  1 

BC 

•  321 

8 

.040 

2.000 

BP 

.444 

10 

.044 

<  1 

CP 

2.179 

20 

.109 

<  1 

ABC 

.298 

6 

.037 

<  l 

AB? 

.312 

10 

.031 

1 

ACP 

3.1 37 

20 

•157 

3.413*** 

BCP 

1.166 

40 

.029 

<1 

ABC? 

1.850 

40 

.046 

ANALYSIS  D 
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Source  of 

Sun 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F’ 

A  (levels) 

.206 

2 

.103 

<  1 

B  (forces) 

.850 

2 

.425 

4.620* 

C  (frequencies) 

1.656 

8 

.207 

1.020 

P  (subjects) 

3.573 

5 

•  713 

3.512** 

j. 

.251 

4 

.063 

<1 

A. 

4.141 

16 

•  259 

1.306 

AP 

.737 

10 

.074 

<1 

BC 

.684 

16 

.043 

<1 

BP 

.966 

10 

.097 

2.0a* 

CP 

8.113 

40 

.203 

3.691*** 

ABC 

2.494 

32 

.078 

1.418 

ABP 

1.439 

20 

.072 

1.309 

AC? 

13.749 

6o 

.172 

3.127*** 

BCP 

3.811 

80 

.048 

<1 

ABCP 

8.730 

160 

.055 

ANALYSIS  I 

Source  of 

Sun 

Keen 

Variobility 

Squares 

df 

Squares 

F  or  F* 

A  (levels) 

.116 

1 

.116 

5.800 

B  (forces) 

.605 

2 

.302 

1.841 

C  (frequencies) 

•  399 

4 

.100 

<1 

P  (subjects) 

•  925 

5 

.185 

9-250* 

AB 

.126 

2 

.063 

2.864 

AC 

.811 

4 

.203 

1.167 

AP 

.100 

5 

.020 

<  1 

BC 

.170 

8 

.021 

<  1 

BP 

1.233 

10 

.123 

5.591** 

CP 

1.823 

20 

.091 

<  1 

ABC 

.702 

8 

.085 

1.466 

ABP 

.216 

10 

.022 

**  1 

ACP 

3. **78 

20 

.174 

j.OOO** 

BCP 

1.212 

40 

.030 

<  1 

ABCP 

2.126 

40 

.058 

ANALYSIS  D 
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Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F' 

A  (levels) 

.214 

2 

.107 

<  1 

B  (forces) 

.121 

2 

.060 

<1 

C  (frequencies) 

2.108 

8 

.264 

1.375 

P  (subjects) 

3.456 

5 

.691 

3-599** 

AB 

.127 

4 

.032 

<1 

AC 

4.441 

16 

.278 

1.2C3 

AP 

1.522 

10 

.152 

<1 

BC 

1.144 

16 

.072 

1.000 

BP 

1.138 

10 

.114 

1.583 

CP 

7.675 

40 

.192 

2.560*** 

ABC 

1.518 

32 

.047 

<1 

ABP 

1.432 

20 

.072 

<1 

ACP 

18.449 

8o 

.231 

3.080*** 

BCP 

5-776 

80 

.072 

<1 

ABCP 

11.971 

160 

•  075 

ANALYSIS  I 

Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F‘ 

A  (levels) 

.265 

1 

.265 

2.054 

B  (forces) 

.384 

2 

.192 

4.085 

C  (frequencies) 

.055 

4 

.014 

1.214 

P  (subjects) 

.982 

5 

.196 

1.519 

AB 

.122 

2 

.061 

1.271 

AC 

.141 

4 

.035 

<1 

AP 

.843 

5 

.129 

5.609*** 

BC 

.243 

6 

.030 

<1 

BP 

.335 

10 

.034 

<  1 

CP 

2.656 

20 

.133 

<1 

ABC 

3.U 

6 

.038 

1.652 

ABP 

.481 

10 

.048 

2.087* 

ACP 

3.797 

20 

.19u 

8.261*** 

BCP 

1.586 

40 

.040 

1.739* 

ABCP 

.904 

40 

.023 

analysis  n 
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TABLE  XXIV  CONTROL  FORCE  ANALYSES 
ERROR  DIFFERENCE  SCORES,  HORIZONTAL  LEVER 


Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F' 

A  (Levels) 

.OS1* 

2 

.027 

<  1 

B(Forces) 

.572 

2 

.286 

1.810 

C  (Freauencies) 

•  921* 

8 

.103 

<  1 

P  (Subjects) 

2.11*6 

5 

.1*29 

2.480* 

AB 

.1*29 

1* 

.107 

1.081 

AC 

2.113 

16 

.132 

1.048 

AP 

.81*9 

1C 

.085 

<  1 

BC 

1.016 

16 

.061* 

1.000 

BP 

1.579 

10 

.158 

2.469* 

CP 

6.938 

1*0 

•  173 

2.932*** 

ABC 

1.71*1 

32 

.051* 

<  1 

ABP 

2.090 

20 

.101* 

1.763* 

ACP 

10.101* 

80 

.126 

2.136*** 

BCP 

5.105 

80 

.061; 

1.085 

ABCP 

9.1*1*2 

160 

.059 

ANALYSIS  I 

Source  of 

Sun 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F' 

A  (Levels) 

.001 

T 

.001 

<  1 

B  (Forces) 

.070 

2 

.035 

<  ' 

0  (Frequencies) 

.093 

). 

.023 

<  1 

P  (Subjects) 

1.889 

5 

.378 

1.518 

AB 

.109 

2 

.101* 

1.518 

AC 

.810 

1* 

.202 

1.295 

AP 

l.2l*7 

5 

.21*9 

3.609** 

BC 

.677 

8 

.085 

t.5^5 

BP 

1.1*70 

10 

.1**7 

1.771 

CP 

2.059 

20 

.103 

1.493 

ABC 

.47* 

8 

,060 

<1 

ABP 

.331 

10 

.083 

1.203 

ACP 

3.11*6 

20 

.156 

2.261* 

BCP 

2.5*‘5 

1*0 

.061* 

<  1 

ABCP 

2.765 

'*0 

.069 

J 


! 
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Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (Levels) 

.565 

2 

.282 

1.709 

B  (Forces) 

.121 

2 

.210 

1.707 

C  (Frequencies) 

2.007 

8 

.251 

1.221 

P  (Subjects) 

3.567 

5 

.713 

3.178* 

AB 

.038 

1 

.010 

<1 

AC 

1.153 

16 

.260 

1.135 

AP 

1.337 

10 

•  131* 

<1 

BC 

1.773 

16 

.111 

1 . 5l2 

BP 

.835 

10 

.081 

1.167 

CP 

8.181 

lo 

.205 

3.015*** 

ABC 

1.561 

32 

.0I9 

1.162 

ABP 

1.571 

20 

.079 

ACP 

18.3^5 

80 

.229 

3.368*** 

BCP 

5.780 

80 

.072 

1.059 

ABCP 

10.802 

l60 

.068 

ANALYSIS  I 


Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F’ 

A  (Levels) 

.319 

l 

•  319 

3.097 

B  (Forces ) 

.218 

2 

.109 

<1 

C  (Frecencies) 

.168 

1 

.117 

2.395* 

P  (Sub.v.cts) 

.615 

5 

.123 

1.191 

AB 

.219 

2 

.121 

2.818 

AC 

.199 

1 

.050 

<1 

AP 

.517 

5 

.103 

3.133* 

BC 

.126 

8 

.016 

<1 

BP 

.69! 

10 

.069 

1.568 

C? 

1.385 

20 

.069 

<1 

ABC 

.132 

8 

.016 

<1 

ABP 

.118 

10 

.oil 

’  .119 

ACP 

3.355 

20 

.168 

5.119*** 

BCP 

2.236 

lo 

.056 

1.806* 

ABCP 

1.235 

10 

.031 

ANALYSIS  n 


T 
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Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (Levels) 

.588 

2 

.291* 

<1 

B  (Forces) 

.216 

2 

.108 

<1 

C  (Frequencies) 

2.568 

8 

.321 

1.21*9 

P  (Subjects) 

2.233 

5 

Ml 

1.739 

AB 

.1*51 

1* 

.113 

<1 

AC 

U.000 

16 

.250 

1.269 

AP 

2.853 

10 

.285 

1. 1*1*7 

BC 

1.5** 

16 

.096 

<1 

BP 

2.265 

10 

.226 

1.527 

CP 

10.299 

1*0 

.257 

1 .977** 

ABC 

5.535 

32 

•  173 

I.331 

ABP 

2.552 

20 

.128 

<1 

ACP 

15.753 

80 

.197 

1.515* 

BCP 

11.829 

80 

.11*8 

1.138 

ABCP 

20.759 

160 

.130 

ANALYSIS  I 


Source  of 
Variability 

Sub 

Squares 

df 

Mean 

Squares 

F  or  F’ 

A  (Levels) 

•  355 

1 

•  355 

1.71*0 

B  (Forces) 

.281* 

2 

.11*2 

1.060 

C  (Frequencies) 

.677 

1* 

.169 

11.267 

P  (Subjects) 

.715 

5 

.11*3 

<1 

AB 

.167 

2 

.081* 

1.787 

AC 

.1*1*6 

1* 

.111 

<1 

AP 

1.022 

5 

.201* 

3.6U3** 

BC 

.207 

8 

.026 

<1 

BP 

.969 

10 

.097 

.089 

2.061* 

CP 

1.771* 

20 

<1 

ABC 

.637 

tf 

.080 

1.U29 

ABP 

.1*70 

10 

.0»*7 

<1 

ACP 

3.692 

20 

.185 

3.30!**#* 

BCP 

1.900 

1*0 

.01*8 

<1 

ABCF 

2.258 

1*0 

.056 

ANALYSIS  D 


T 


TABLE  XXVII  CONTROL  FORCE  ANALYSES 
ERROR  DIFFERENCE  SCORES, VERTICAL  THUMBWHEEL 
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Source  of 

Sub 

Mean 

Variability 

Souares 

df 

Souares 

F  or  F' 

A  (levels) 

•  389 

2 

.194 

1.780 

B  (forces) 

•552 

2 

.276 

4.246 

C  (frequencies) 

2.464 

8 

.308 

2.990* 

P  (subjects) 

3-187 

5 

-637 

6.184*** 

AB 

.029 

4 

.007 

<1 

AC 

2-697 

16 

.169 

<1 

AP 

l-5?4 

10 

-155 

<1 

BC 

-792 

16 

.050 

<1 

BP 

.848 

10 

.085 

1.214 

CP 

6.110 

40 

.103 

1.288 

ABC 

1.481 

32 

.046 

<1 

ABP 

1.176 

20 

-059 

<1 

ACP 

17-188 

80 

•215 

2.687*** 

BCP 

5-603 

80 

.070 

<1 

ABC? 

12.844 

160 

.080 

ANALYSIS  I 


Source  of  Sub  Mean 


Variability 

Souares 

Souares 

F  or  F* 

A  \ 

(levels) 

•  578 

1 

5Y8 

2.429 

B  < 

forces) 

•330 

2 

.165 

2.426 

C  1 

frequencies) 

.133 

4 

•033 

1.727 

P  1 

[subjects) 

.947 

5 

.109 

<1 

AB 

.058 

2 

.029 

<1 

AC 

.187 

4 

.047 

<1 

AP 

1.19C 

5 

.238 

4,491** 

BC 

.481 

8 

.060 

<1 

BP 

.731 

10 

.073 

2.147 

CP 

i.913 

20 

.096 

<1 

ABC 

•  573 

8 

.072 

1.358 

ABP 

335 

10 

.034 

•"1 

ACP 

4.271 

20 

.214 

4.OJ0*** 

BCP 

1.696 

40 

.042 

<1 

ABCP 

2.102 

40 

.053 

ANALYSIS  I! 


T 
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TABLE  XXVni  CONTROL  FORCE  ANALYSES 
VIBRATION  TIME  SCORES, LARGE  KNOB 


Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F' 

A  (levels) 

2.6  ?6 

2 

1.338 

13.653 

B  (forces) 

10.186 

2 

5.093 

15.361** 

C  (frequencies) 

3- 267 

6 

.til 

<1 

F  (subjects) 

78.115 

5 

15.623 

30.875*** 

AB 

1.136 

t 

.284 

<1 

AC 

8.806 

16 

•  550 

<1 

AP 

1.910 

1.0 

.191 

<1 

BC 

2.315 

16 

.145 

<1 

BP 

2.0l*0 

10 

.204 

<1 

CP 

20.223 

to 

.506 

1.902** 

ABC 

It.  1*77 

32 

.452 

1.699* 

ABP 

5*21t 

20 

.261 

<1 

AC P 

5i.tt8 

80 

.643 

2.417*** 

BCP 

?A.t73 

80 

.268 

1.008 

ARCP 

t2.59t 

160 

.266 

ANALYSIS  I 


Source  of 
Variability 

Sun 

Squares 

df 

Mean 

Squares 

F  or  F’ 

A  (levels) 

•  319 

1 

.319 

<1 

B  (forces) 

3.299 

2 

1.649 

2.509 

C  (frequencies) 

.079 

t 

•  221' 

<1 

P  (subjects) 

39-253 

5 

7.8*1 

17.966** 

AB 

1.090 

a 

.549 

7.521* 

AC 

2.109 

t 

.5  37 

<1 

AP 

2.185 

5 

Ml 

3.035* 

BC 

3.303 

8 

.413 

1.000 

BP 

1.706 

10 

.176 

2.4U 

CP 

8.956 

20 

.448 

<1 

ABC 

2.420 

8 

.302 

2.097 

ABP 

.727 

1C 

.073 

.1 

ACP 

11.547 

20 

.577 

4.uo7*** 

BCP 

10.113 

to 

•  2f3 

1.757* 

ABCP 

5.742 

40 

.*44 

ANALYSIS  II 


■3  V<*- 


T 
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TABLE  XXIX  CONTROL  FORCE  ANALYSES 
VIBRATION  TIME  SCORES,  SMALL  KNOB 


Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (levels) 

•  551 

2 

.276 

1.211 

B  (forces) 

9-399 

2 

4.700 

16.968** 

C  (frequencies) 

4.139 

8 

•  517 

1.200 

P  (subjects) 

46.398 

5 

9.280 

21.  531*** 

AB 

.968 

4 

.217 

<1 

AC 

8.124 

16 

.508 

<1 

AP 

3.317 

10 

•  332 

<1 

BC 

3.478 

16 

.21? 

1.064 

BP 

2.644 

10 

.264 

1.294 

CP 

17.233 

40 

.431 

2.280*** 

ABC 

9.310 

32 

.291 

1.540* 

ABP 

6.554 

20 

.328 

1.735* 

AGP 

48.998 

80 

.612 

3.238*** 

BCP 

16.317 

80 

.204 

1.079 

ABCP 

30.193 

160 

.189 

ANALYSIS  I 


Source  of 

Sun 

Mean 

Variability 

Squares 

df 

Sauares 

F  or  F* 

A  (levels) 

1.035 

1 

1.035 

<1 

B  (forces) 

•  377 

2 

.188 

<1 

C  (frequencies) 

4.962 

4 

1.240 

2.719 

P  (avb Jests) 

18.48, 

5 

3.697 

2.873 

AB 

1.199 

2 

.600 

1.626 

AC 

.555 

4 

.139 

<1 

AP 

6.437 

5 

1.297 

‘  4.857** 

BC 

2.152 

8 

.269 

6.405 

BP 

1.307 

10 

•  lux 

<1 

CP 

12.662 

20 

.633 

2.003 

ABC 

.738 

8 

.092 

<1 

ABP 

3.691 

10 

•  369 

1.392 

ACP 

6.317 

20 

.316 

1.192 

BCP 

8.605 

40 

.215 

<1 

ABCP 

10.594 

40 

.265 

ANALYSIS  n 


TABLE  XXX  CONTROL  FORCE  ANALYSES 
VIBRATION  TIME  SCORES, HORIZONTAL  LEVER 


Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F’ 

A  (Levels) 

2.172 

2 

1.086 

3-103 

B  (Forces) 

3-^79 

2 

1.839 

9.782* 

C  (Frequencies) 

b.JkZ 

8 

.8t3 

2.087 

P  (Subjects) 

29.636 

5 

5.927 

It. 671*** 

AB 

2.002 

t 

.500 

3  -  2t  7 

AC 

9.128 

16 

.508 

l.llt 

AP 

2.978 

10 

.298 

<1 

BC 

3.873 

16 

.2t2 

1.169 

BP 

1.533 

10 

.153 

<1 

CP 

16.151 

to 

.tot 

2. 06l*** 

ABC 

6.U50 

32 

.202 

1.031 

ABP 

2.970  ' 

20 

.ita 

<  1 

ACP 

36.^95 

80 

.<*56 

2,  #7*+* 

BCP 

16.533 

80 

.207 

1.056 

ABCP 

31.392 

160 

>19: 

ANALYSIS  I 


Source  of 
Variability 

Sun 

Square* 

df 

Mean 

Squares 

F  or  F 

A  (Levels) 

•  325 

1 

.325 

<1 

B  (Forces) 

.<*95 

2 

.ot8 

<1 

C  (FreTiencles) 

2.822 

t 

.706 

<1 

P  (Subjects) 

12.07t 

5 

2.tl5 

7.166* 

AB 

,tt3 

2 

.22? 

1.2*7 

AC 

2.978 

t 

,7tt 

1.716 

AP 

1.66*. 

5 

.337 

1.5t6 

BC 

1.073 

p 

•  13t 

<1 

BP 

2.  l6l 

V 

.216 

1.213 

CP 

16.396 

20 

.820 

1.925 

APC 

1.155 

8 

.Itt 

<1 

ABP 

1.778 

10 

.178 

<1 

ACP 

8.512 

20 

.t?6 

1.95t* 

BCP 

9.19> 

to 

.23 0 

1.055 

ABCP 

8.7t9 

to 

.218 

ANALYSIS  Q 


TABLE  XXXI  CONTROL  FORCE  ANALYSES 
VIBRATION  TIME  SCORES,  VERTICAL  LEVER 
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Source  jf 
Variability 

Sura 

Squares 

df 

Mean 

Squares 

F  cr  F* 

A  (Levels) 

2.388 

2 

1-19U 

1*.131 

B  (Forces) 

10.51*5 

2 

5.272 

20.921*** 

C  (Frequencies) 

6.331* 

8 

.792 

1.760 

P  (Subjects) 

33-586 

5 

6.717 

lit.  927*** 

AB 

.206 

k 

.052 

<1 

AC 

3.682 

16 

.230 

<  1 

AP 

5.365 

10 

.537 

1.123 

BC 

2.688 

16 

.168 

<1 

BP 

2.51*5 

10 

.25'* 

I.I49U 

CP 

17.961* 

1*0 

J‘50 

2.133*** 

ABC 

7.278 

32 

.227 

1.076 

ABP 

3.851 

20 

.193 

<1 

ACP 

38.211 

80 

.1*78 

2.265*** 

BCP 

13.628 

80 

.170 

<1 

ABCP 

33.763 

160 

.211 

ANALYSIS  I 


Source  oi‘ 
Variability 

Sub 

Squares 

df 

Mean 

Squares 

F  or  F 

A  (Levels) 

.796 

l 

.798 

<  1 

B  (Forces) 

5.370 

2 

2.635 

6.331* 

C  (Frequencies) 

3.197 

It 

.799 

1.278 

P  (Subjects) 

20.81*3 

5 

**.169 

M22 

AB 

1.11*2 

2 

.571 

1.627 

AC 

2.1*01 

1* 

.600 

1.336 

AP 

1*.510 

5 

.902 

3.77U 

BC 

.9**7 

8 

.118 

<1 

BP 

2.036 

10 

.201* 

<  1 

CP 

9.159 

20 

.1*58 

1.^58 

ABC 

3.261 

3 

.1*08 

1.707 

ABP 

3.510 

10 

•  351 

\M9 

acp 

8/58 

20 

.1*33 

'  .812 

BCP 

7.5V 

1*0 

.188 

<1 

.v*cr 

9.51*6 

1*0 

•  239 

ANALYSIS  a 
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TABLE  XXXn  CONTROL  FORCE  ANALYSES 
VIBRATION  TIME  SCORES,  HORIZONTAL  THUMBWHEEL 


Source  of 

VariaM1  Ity 

Sum 

Souares 

df 

Mean 

S  meres 

F  or  F' 

A  (Levels) 

1.3l5 

2 

.909 

1.327 

B  (Forces) 

12.010 

2 

21.005 

93.356** 

G  (pre  .uencies) 

2.312 

8 

.293 

<1 

P  (Subjects) 

31.2-3 

5 

6.81? 

10.222*** 

AB 

.90? 

l* 

.202 

<1 

AC 

12.155 

16 

.760 

1.161 

AP 

1.3*5 

10 

.136 

<  1 

BG 

2.186 

16 

.155 

<1 

BP 

3-707 

10 

.371 

1.233 

G? 

2-3.806 

10 

.37? 

3.059*** 

ABC 

11.269 

32 

•  352 

1.607* 

ABP 

2.026 

20 

.101 

4tl 

AGP 

10.995 

SO 

.512 

2,339*** 

BCP 

21.102 

90 

.301 

1-37'** 

ABOP 

35.099 

v'o 

.219 

ANALYSIS  I 


Source  of 
Variability 

Sun 

Square* 

df 

Mean 

S  luarea 

F  or  F' 

A  (level*) 

.596 

1 

.596 

2.163 

B  (Forces) 

20.710 

2 

10.370 

25.170** 

C  (Freiuenciei) 

2/57 

1 

.661 

1.309 

P  (Subject* ) 

18.105 

5 

3.681 

15.211** 

AB 

•322 

2 

.161 

<  1 

AC 

•387 

U 

.071 

<  1 

AP 

1.210 

5 

.212 

l.Oul 

BC 

1.071 

8 

.500 

1.631 

BP 

1.185 

10 

.H9 

2.5:3 

CP 

1.1.926 

20 

.716 

1.567 

ABC 

.2.796 

8 

•  35C 

1535 

ABP 

1C 

.16? 

<1 

ACP 

9.5H 

20 

.176 

2.7.38* 

BCP 

7.6U 

10 

.190 

<1 

ABCP 

9.139 

1<? 

.228 

ANALYSIS  U 


TABLE  XXXIII  CONTROL  FORCE  ANALYSES 
VIBRATION  TIME  SC  ORES,  VERTICAL  THUMBWHEEL 
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Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F’ 

A  (levels) 

4.477 

2 

2.238 

2.270 

B  (forces) 

12.057 

2 

6.028 

22.409** 

C  (frequencies) 

12.713 

6 

1.587 

4.187** 

P  (subjects) 

57.156 

5 

U.431 

30.161*** 

AB 

.332 

4 

.096 

<  1 

AC 

14.154 

16 

.885 

1.536 

AP 

6.7(2 

10 

.677 

1.175 

BC 

3.662 

16 

.229 

<  1 

BP 

3-222 

10 

•322 

1.142 

CP 

15.146 

40 

•  379 

1.354 

ABC 

9-915 

32 

•  310 

1.107 

ABP 

5-788 

20 

.289 

1.032 

ACP 

46.049 

80 

•  576 

2.057*** 

BCP 

22  595 

80 

.282 

1.007 

ABC? 

44.755 

160 

.280 

Source  of 
Variability 

ANALYSIS  I 

Sue 

Squares  df 

Mean 

Squares 

F  or  f 

A  (levels) 

.061 

1 

.081 

<  1 

B  (forces) 

5.371 

2 

2-936 

1.464 

2.619 

C  (frequencies) 

5-857 

4 

<  1 

?  (subsets) 

20.921 

5 

4.184 

9.776* 

AB 

1.932 

2 

•S66 

3*275 

AC 

7.431 

4 

1.858 

4.466** 

AP 

2.139 

5 

.*»2C 

2.834* 

BC 

1.888 

8 

.236 

<  1 

BP 

4.5W 

10 

.450 

1.525 

CP 

9.787 

20 

.489 

1.175 

ABC 

4.477 

8 

•560 

3-709** 

ABP 

2.951 

10 

.295 

1.954 

ACP 

8.325 

20 

.411 

2.755** 

BCP 

7.014 

40 

.175 

1.159 

ABCP 

6.043 

40 

•151 

ANALYSIS  II 


J 


1 


i 

i 

i 


4 
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TABLE  XXXIV  CONTROL  FORCE  ANALYSES 
TIME  DIFFERENCE  SCORES, LARGE  KNOB 


Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

For  F' 

A  (levels) 

.442 

2 

.221 

<  1 

B  (forces) 

2.432 

2 

1.21b 

4.208 

C  (frequencies) 

4.397 

8 

•  550 

1.036 

P  (subjects) 

9.021 

5 

1.804 

3-397* 

AB 

1.328 

h 

•  332 

<1 

AC 

5.375 

16 

•  336 

<1 

AP 

4.283 

10 

.428 

<1 

BC 

3.561 

16 

.223 

<1 

BF 

4.088 

10 

.409 

1.192 

CP 

21.237 

40 

•  531 

1.654* 

ABC 

14.335 

32 

.448 

1-396 

ABP 

6.105 

20 

•  305 

<1 

ACP 

36.716 

80 

■  459 

1.430* 

BCP 

27.439 

80 

.343 

1.069 

ABCP 

51.398 

160 

•  321 

ANALYSIS  I 

Source  of 

Sum 

Mean 

Variability 

Square# 

df 

Square# 

F  or  F’ 

A  (level#) 

.800 

1 

.000 

2.010 

B  (force#) 

.944 

2 

.472 

<  1 

C  (frequencie#) 

1  163 

4 

.291 

<  1 

P  (subject#) 

3.990 

5 

.798 

2.005 

AB 

2.135 

2 

1.068 

12.867** 

AC 

3.062 

4 

.766 

1-733 

AP 

1-991 

5 

•  39C 

1.733 

BC 

3.770 

8 

.47  2 

<  1 

BP 

4.208 

JO 

.421 

5.072** 

CP 

6.675 

20 

.334 

<  1 

ABC 

3.163 

6 

.395 

1.725 

ABP 

.833 

10 

.083 

<1 

ACP 

8.838 

20 

.442 

i.930* 

BCP 

17.770 

40 

.444 

1.939* 

ABCP 

9.155 

40 

.229 

ANALYSIS  n 


T 


t 


TABLE  XXXV  CONTROL  FORCE  ANALYSES 
TIME  DIFFERENCE  SCORES,  SMALL  KNOB 
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Source  of 
Variability 

Sum 

Squares 

Af 

Mean 

Squares 

F  or  F' 

A  (levels) 

.419 

2 

.210 

<1 

B  (forces) 

3.223 

2 

1.611 

4.942* 

C  (frequencies) 

3.999 

8 

.500 

1.126 

P  (subjects) 

2.728 

5 

.546 

1.230 

AB 

.714 

4 

,178 

<1 

AC 

5.456 

16 

■  341 

<1 

AP 

2.554 

10 

.255 

<1 

BC 

4.556 

16 

.285 

1.067 

BP 

3.085 

10 

■  308 

1.154 

CP 

17.745 

40 

.444 

1.922** 

ABC 

11.326 

32 

•  354 

1-532* 

ABP 

6.900 

20 

.345 

1.494 

ACP 

28.670 

50 

•  358 

1.550* 

BCP 

21.394 

80 

.267 

1.156 

ABCP 

36-978 

160 

.231 

ANALYSIS  I 


Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Sauares 

F  or  F* 

A  (levels) 

1.823 

1 

1.823 

1.475 

B  (force*) 

.694 

2 

.347 

1.770 

C  ( frequencies) 

2.997 

4 

.749 

3-147 

P  (suljecta) 

.829 

5 

.166 

<  1 

AB 

.783 

2 

•  392 

<1 

AC 

1.700 

4 

.425 

<1 

AP 

6.180 

5 

1.236 

3.700** 

BC 

3.981 

8 

.498 

2.658** 

BP 

2.994 

10 

.299 

<1 

CP 

6.177 

20 

•  309 

<1 

ABC 

.771 

8 

.096 

<1 

ABP 

4.947 

10 

.495 

1.482 

ACP 

9.910 

20 

.496 

a.  485 

BC? 

8.672 

40 

.217 

<1 

ABCP 

13.3*5 

40 

•  334 

ANALYSIS  n 


TABLE  XXXVI  CONTROL  FORCE  ANALYSES 
TIME  DIFFERENCE  SCORES,  HORIZONTAL  LEVER 
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Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F’ 

A  (Levels) 

•415 

2 

.208 

<  1 

B  (Forces) 

1.196 

2 

•  599 

1.06c 

C  (Frequencies) 

2. 38* 

8 

.298 

<  1 

P  (Subjects) 

5 . 52' J 

5 

1.104 

2.928* 

AB 

2.0 

4 

.502 

2.773 

AC 

6.965 

16 

.435 

1.605 

AP 

1.577 

10 

.158 

<  1 

BC 

4.405 

16 

•  275 

1.087 

BP 

5.427 

10 

.543 

2.145* 

CP 

15.097 

Uo 

•  377 

1.484* 

ABC 

8.012 

32 

.250 

<  1 

ABP 

3.699 

20 

.185 

<  1 

ACP 

21.716 

80 

.271 

1.067 

BCP 

20.264 

80 

.7'3 

<  1 

ABCP 

40.588 

160 

.254 

ANALYSIS  I 


Source  of 
Variability 

bia 

Squares 

Of 

Mean 

Squares 

F  or  F’ 

A  (Level*) 

.369 

1 

.369 

1.425 

B  'Forces) 

.382 

2 

.191 

<  1 

C  (Frequencies) 

l.Ofil 

4 

.265 

<1 

P  (Subjects) 

2.223 

5 

.445 

1.718 

AB 

1.032 

2 

.516 

2.335 

AC 

2.431 

4 

.606 

1.865 

AP 

1.293 

5 

.259 

<1 

BC 

1.875 

8 

.234 

1.225 

BP 

2.296 

10 

.230 

1.041 

CP 

12.250 

20 

.612 

1.877 

ABC 

1.521 

8 

.190 

<1 

ABP 

2.212 

10 

.221 

<1 

ACP 

6.524 

20 

•  326 

1.076 

BCP 

12.142 

40 

.304 

1.003 

ABCP 

12.126 

40 

.303 

ANALYSIS  II 


T 
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TABLE  XXXVII  CONTROL  FORCE  ANALYSES 
TIME  DIFFERENCE  SCORES,  VERTICAL  LEVER 


Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (Levels) 

2.320 

2 

1.16C 

1-993 

B  (Forces) 

6.531 

2 

3.266 

3.1*13 

C  (Frequencies) 

5.652 

8 

.706 

1.677 

P  (Subjects) 

2.596 

5 

.520 

1.235 

AB 

.676 

1* 

.169 

<  1 

AC 

**.695 

1 6 

.r"'3 

1.003 

AP 

5.814 

10 

•  *  *■ 

1.99C 

BC 

3.762 

16 

■  235 

1.103 

BP 

9.3^9 

10 

•  935 

U.qjo*** 

CP 

16.825 

1*0 

.1*21 

1.320 

ABC 

12.500 

32 

•  391 

1.226 

ABP 

5.297 

20 

.265 

<1 

ACP 

23.331 

80 

.292 

<1 

BCP 

17.01*8 

80 

■  213 

<1 

ABCP 

51.089 

160 

.319 

Source  of 
Variability 

Sun 

Squares 

ANALYSIS  I 

df 

Mean 

Squares 

F  or  F’ 

A  (Levels) 

.965 

1 

•  985 

<  l 

B  (Forces) 

1.008 

2 

I.501 

2.705 

C  (Frequencies) 

2.131* 

* 

*• 

•  53<* 

2.1*72 

P  (Subjects) 

U.673 

5 

.935 

<1 

AB 

.71*3 

2 

.371 

1.1*21 

AC 

.921 

It 

.231 

<1 

AP 

5. 26»* 

5 

1.053 

".660** 

BC 

1.951 

8 

.21*1* 

<  1 

BP 

L  .U63 

10 

.1*1*6 

1.709 

CP 

9.369 

20 

.1*68 

<1 

ABC 

U. 887 

8 

.611 

2.11*9 

ABP 

2.610 

10 

.261 

<1 

ACP 

9.666 

20 

.1*83 

1.683 

BCP 

9.512 

1*0 

•  23E 

<1 

ABCP 

II.U79 

1*0 

.267 

ANALYSIS  0 
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TIME  DIFFERENCE  SCORES, HORIZONTAL  THUMBWHEEL 
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Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (Levels) 

.051 

2 

.026 

<  1 

B  (Forces) 

i.**59 

2 

•  730 

<  1 

C  (Frequencies) 

2.951 

8 

.369 

<  1 

P  (Subjects) 

5.155 

5 

1.031 

1.305 

AB 

1.876 

k 

.319 

1 

AC 

9.576 

16 

.598 

1.51*1 

AP 

3.S7U 

10 

•  387 

<1 

BC 

3.655 

16 

.228 

<1 

BP 

10.787 

10 

1.079 

2.613** 

CP 

31.595 

1*0 

.790 

2.Ll6*** 

ABC 

19.85k 

32 

.620 

I.896** 

ABP 

2.771 

20 

.139 

<1 

ACP 

31.001* 

80 

.388 

1.187 

BCP 

33.032 

80 

.1*13 

1.263 

ABCP 

52.289 

160 

•  327 

ANALYSIS  I 


Source  of 

Verl  ability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F 

A  (Levels) 

.162 

1 

.1*62 

3.581 

B  (Forces) 

1.250 

2 

.625 

<1 

C  (Frequencies) 

.569 

h 

.11*2 

<1 

P  (Subjects) 

5.358 

5 

1.071 

8.302* 

AB 

1.21*7 

2 

.621* 

2.1*57 

AC 

8-351 

l* 

.538 

2.210 

AP 

.61*6 

5 

.129 

<  1 

BC 

t*. 881* 

8 

.610 

1.1*56 

BP 

3.517 

10 

•  352 

1.386 

CP 

1*  .685 

20 

.231* 

<1 

ABC 

3.261* 

8 

.1*08 

1.103 

ABP 

2.536 

10 

.251* 

<1 

ACP 

5.322 

20 

.266 

<1 

BCP 

15.21*9 

1*0 

.381 

l.OJO 

ABCP 

1**.?92 

1*0 

•  370 

ANALYSIS  n 


v. 
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Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F' 

A  (levels) 

1.310 

2 

.655 

<  1 

B  (forces) 

9.038 

2 

4.519 

4.649* 

C  (frequencies) 

P  (subjects) 

5.483 

5.439 

8 

5 

.685 

1.088 

2.095 

3.083* 

AB 

.234 

4 

.058 

<1 

AC 

12.258 

16 

.766 

1.599 

AP 

7.613 

10 

.761 

1.589 

BC 

5.008 

16 

•313 

1.016 

BP 

9.670 

10 

.967 

3-140** 

CP 

13.086 

4o 

.327 

<1 

ABC 

12.423 

32 

.388 

1.162 

ABP 

6.567 

20 

.328 

<1 

ACP 

39.358 

80 

.479 

1.434* 

BCP 

24.633 

80 

•308 

<1 

ABCP 

53.472 

160 

•334 

ANALYSIS  I 


Source  of 

Bus 

Mean 

Variability 

Souares 

£ 

8ouares 

F  cr  F' 

A  (levels) 

.033 

1 

.033 

<  1 

B  (forces) 

1.469 

2 

•734 

<  1 

C  (frequencies) 

2.958 

4 

.740 

<  1 

P  (subjects) 

1.969 

5 

.394 

<1 

AB 

2.016 

2 

1.008 

4.000 

AC 

5.397 

4 

J  .099 

3-392* 

AP 

2.700 

5 

.540 

2.660* 

BC 

1.646 

6 

.23! 

<1 

BP 

6.435 

10 

.644 

2.556 

CP 

9.253 

20 

.463 

1.429 

ABC 

5-024 

8 

.626 

3.094** 

ABP 

2.523 

10 

.252 

1.241 

ACP 

6.461 

*0 

•  32* 

1.596 

BCP 

8.297 

40 

.207 

1.020 

ABCP 

6.126 

40 

.203 

ANALYSIS  0 


I 
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Source  of 

Var-i  ability 

Sum 

Squares 

df 

Mean 

Sn  isres 

F  or  F' 

A  (levels) 

1.126 

2 

•  563 

<1 

B  (conditions) 

53.189 

1 

53.189 

38.655** 

C  (frequencies) 

1.617 

4 

.404 

1.239 

P  (subjects) 

3.465 

4 

.866 

2.656 

AB 

.856 

2 

.428 

<1 

AC 

4.757 

3 

•  595 

1.621 

AP 

d.246 

3 

.4o6 

1.106 

EC 

1.781 

4 

.445 

1.279 

BP 

5.116 

4 

1.279 

3.675* 

CP 

5.211 

16 

.326 

<1 

ABC 

5.515 

8 

.689 

1.178 

ABP 

3.287 

8 

.4ll 

<  1 

ACP 

11.71*6 

32 

.367 

<1 

BCP 

5.573 

16 

.348 

<1 

ABCP 

18.708 

32 

.585 

VIBRATION  SCORES 


Source  of 
Variability 

Sun 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (levels) 

.545 

2 

.272 

<  1 

B  (conditions) 

.081 

1 

.081 

<  1 

C  (fr  uenciea) 

5.327 

4 

1.332 

6.110** 

P  (  ejects) 

2.047 

4 

.509 

2.335 

AP 

1.678 

2 

.339 

1.040 

,  ' 

5.245 

8 

.656 

1.778 

AP 

2.200 

8 

.■275 

<  1 

BC 

3.543 

4 

.886 

2.100 

BP 

6.426 

4 

1.60  C 

3.806* 

CP 

3.487 

16 

.218 

<  1 

ABC 

6.536 

8 

.817 

2.468* 

ABP 

2.565 

8 

•  3a 

<  1 

ACP 

11.806 

32 

•36:> 

1.115 

BCP 

6.756 

16 

.422 

1.275 

ABCP 

10.600 

32 

.331 

DIFFERENCE  SCORES 


T 
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TABLE  XLI  WORK  LOAD  ANALYSES 
ERROR  SCORES ,  SMALL  KNOB 


Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F' 

A  (levels) 

1.042 

2 

.521 

2.499 

B  (conditions) 

47.810 

1 

47.810 

48.244** 

C  (frequencies) 

.754 

4 

.188 

<  1 

P  (subjects) 

3.634 

4 

.908 

2.447 

Ail 

.792 

2 

•  396 

11.647 

AC 

1.791 

3 

.224 

<  1 

AP 

1.301 

8 

.163 

<1 

BC 

.962 

4 

.240 

<1 

BP 

4.055 

4 

1.014 

3.856* 

CP 

5.943 

16 

•  371 

<1 

ABC 

3.882 

8 

.485 

<1 

ABP 

1.372 

8 

.172 

<1 

ACP 

14.282 

32 

.446 

<1 

BCP 

4.207 

16 

.263 

<1 

ABCP 

19-927 

32 

.623 

VIBRATION 

SCORES 

Source  of 

Sum 

Mean 

Variability 

Squares 

df 

.Squaros 

F  or  F* 

A  (level#) 

1.634 

2 

.817 

3-714 

B  (condition*) 

.450 

1 

.450 

<1 

C  (frequencies) 

.667 

4 

.142 

<1 

P  (subject*) 

.754 

4 

.188 

<1 

AB 

1.576 

2 

.788 

4.987 

AC 

2.896 

8 

•  2^2 

1.361 

AP 

.994 

8 

.124 

<1 

BC 

.782 

4 

.196 

<1 

BP 

3.173 

4 

.793 

3-945* 

CP 

5.494 

16 

.343 

<  1 

ABC 

3.188 

8 

•  398 

1.042 

ABP 

1.140 

8 

.142 

<1 

ACP 

8.514 

32 

.26' 

<1 

BCP 

3.219 

16 

.201 

<  1 

ABCP 

12.239 

32 

.382 

DIFFERENCE  SCORES 
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Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F1 

A  (levels) 

•  327 

2 

.164 

<  1 

B  (conditions) 

47.581 

1 

47.581 

131. 279*** 

0  (frequencies) 

.784 

4 

.196 

<  1 

P  (subjects) 

1.4a 

4 

.355 

<  1 

AB 

1.065 

2 

•  532 

<1 

AC 

4.582 

8 

.573 

1.169 

AP 

5.217 

8 

.652 

1.331 

BC 

.357 

4 

.089 

<  1 

BP 

1.107 

4 

.277 

<  1 

CP 

6.705 

16 

.419 

<  1 

ABC 

4.426 

8 

.553 

<1 

ABP 

7.682 

8 

.960 

1.693 

ACP 

15.688 

32 

.490 

<1 

BCP 

7.VI0 

16 

.467 

<1 

ABCP 

18.113 

32 

.567 

VIBRATION 

SCORES 

Source  of 

Sub 

Mean 

Variability 

Squares 

df  Squares 

F  or  F' 

A  (levels) 

031 

2 

.166 

<  1 

B  (conditions) 

.100 

1 

.100 

<  1 

C  (frequencies) 

2.011 

4 

.503 

<  1 

P  (t  objects) 

3.1*93 

4 

.873 

1.529 

AB 

.672 

2 

.336 

<1 

AC 

3.091 

6 

.386 

1.300 

AP 

2.876 

8 

1.380 

BC 

2.1*37 

4 

.609 

1.321 

BP 

.670 

4 

•IV* 

<1 

CP 

9*11*0 

16 

•  571 

1.807 

ABC 

3.884 

ft 

.486 

1.538 

ASP 

5.580 

8 

.698 

2.209 

ACP 

9.519 

32 

.2?7 

<  1 

'  CP 

7.374 

16 

.461 

l.<*59 

ABCP 

10.101 

32 

.316 

DIFFERENCE  SCORES 


T 
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TABLE  XLin  WORK  LOAD  ANALYSES 
ERROR  SCORES, VERTICAL  LEVER 


Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F' 

A  (levels) 

.551 

2 

.276 

<  1 

B  (conditions) 

46.151 

1 

46.151 

33.083** 

C  (frequencies) 

1.964 

4 

.491 

<  1 

P  (subjects) 

5.125 

4 

1.281 

2.459 

AB 

.731 

2 

.366 

<  1 

AC 

3.773 

8 

.472 

1.272 

AP 

2.934 

8 

•  367 

<  1 

BC 

2.466 

4 

•  6l6 

1.339 

BP 

4.955 

4 

1.239 

2.693 

CP 

8.338 

16 

•  521 

1.143 

ABC 

4.959 

8 

.620 

1.360 

ABP 

1.966 

8 

.248 

<  1 

ACP 

11.870 

32 

•  371 

<1 

BCP 

7.362 

16 

.460 

1.009 

ABCP 

14.534 

32 

.456 

VIBRATION 

SCORES 

Source  of 

Sum 

Mean 

Vari ability 

Squares 

df 

Squares 

F  or  F’ 

A  (levels) 

.101 

2 

.050 

<  1 

B  (conditions) 

3.015 

1 

3-015 

1.938 

C  (frequencies) 

3.117 

4 

.779 

2.353 

P  (e  .bjccts) 

3.537 

4 

.884 

2.671 

AB 

.211 

2 

.106 

1.963 

AC 

1.655 

8 

.207 

<1 

AP 

2.529 

8 

.316 

<1 

BC 

2.605 

4 

.6si 

1.543 

BP 

5.307 

4 

1.3W 

3-145* 

CP 

5.291 

16 

.331 

<1 

ABC 

2.181 

6 

.273 

<1 

ABP 

2.060 

8 

.258 

<1 

ACP 

12.293 

32 

.314 

<1 

BCP 

6.757 

16 

.422 

<1 

ABCP 

15.267 

32 

.477 

DIFFERENCE  SCORES 
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ERROR  SCORES,  HORIZONTAL  THUMBWHEEL 
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Source  of 
Variability 

Sun 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (levels) 

1.716 

2 

.858 

1.360 

B  (conditions) 

59-804 

1 

59.804 

39.139^ 

C  (frequencies) 

.437 

4 

.109 

<  1 

P  (subjects) 

4.721 

4 

1.180 

2.516 

AB 

2.a3 

2 

1.106 

1.653 

AC 

3.566 

8 

.446 

1.364 

AP 

4.099 

8 

.512 

1.566 

BC 

1.263 

4 

•  316 

<1 

BP 

6.518 

4 

I.630 

3.900* 

CP 

7.507 

16 

.469 

1.144 

ABC 

4.362 

8 

.545 

1.329 

ABP 

4.269 

3 

•  534 

1.302 

ACP 

10.450 

32 

•  327 

<  1 

BCP 

6.68S 

16 

>18 

1.020 

ABCP 

13.122 

32 

.410 

VIBRATION  SCORES 


Source  of 
Variability 

Sun 

SQuarta 

df 

Mean 

Squares 

F  or  F 

A  (levels) 

.250 

2 

.125 

<1 

B  (conditions) 

.007 

1 

.007 

<1 

C  (frequencies) 

.928 

4 

.232 

<1 

P  adjects) 

2.158 

4 

.540 

1.693 

AB 

1.244 

2 

.622 

4.065 

AC 

2.150 

8 

.269 

1.257 

AP 

2.253 

8 

-CP? 

1.318 

BC 

1.506 

4 

.376 

1.126 

BP 

2.233 

4 

.55- 

1.671 

OP 

5.097 

16 

.319 

1.164 

ABC 

1.173 

8 

.147 

<1 

AB? 

2.239 

S 

.280 

1.022 

ACP 

6.844 

32 

<1 

Bcr 

5.344 

16 

.334 

1.219 

ABCP 

8.783 

32 

.274 

DIFFRLuNCE  SCORES 
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Source  oi 
Variability 

A  (l  els) 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F' 

1.051 

2 

.540 

3.344* 

B  (conditions) 

60.566 

1 

60.566 

43.169** 

C  (frequencies) 

.963 

4 

.241 

<  1 

P  (subjects) 

4.063 

4 

1.016 

1.773 

AB 

1.05C 

r\ 

C 

.525 

1.617 

AC 

2.036 

8 

.254 

<  1 

AP 

J..066 

8 

.133 

<  1 

EC 

2.393 

X 

.597 

1.012 

BP 

5.532 

4  "• 

1.396 

2.366 

CP 

9.161 

16 

.573 

<  1 

ABC 

5-390 

8 

.736 

<  1 

ABP 

.632 

8 

.079 

<  1 

ACP 

24.129 

32 

•754 

<  1 

BCP 

9.442 

16 

.590 

<  1 

ABCF 

25.364 

32 

.793 

VIBRATION  SCORES 


Source  of 
Variability 

Sub 

Square* 

df 

Mean 

Squire* 

F  or  r 

A  (Level*) 

.137 

2 

.066 

2.096 

B  (c.ndl  ion*} 

ion 

1 

1.577 

6.089 

C  ( frequencies ) 

1.4/j 

k 

.372 

<  1 

P  (j  bject*) 

of2 

k 

.140 

<  1 

AB 

.027 

2 

.014 

1.198 

a: 

.7*2 

8 

.099 

<1 

AP 

.701 

6 

<1 

RC 

1.782 

,  4%C 

<  1 

a? 

1.073 

4 

O  : 

ti  . 

<  1 

;p 

?.6o3 

16 

1.1.6 

ABC 

2.333 

6 

.292 

<1 

ABF 

•  COb 

8 

<  i 

ACP 

10  363 

32 

..7' 

<1 

BCP 

"’•273 

16 

.<*<5 

1.  48 

ABCP 

lj.8?2 

32 

,  bjH 

DIFFERENCE  SCORES 
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TABLE  XLVI  WORK  LOAD  ANALYSES 
TIME  SCORES,  LARGE  KNOB 


Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (levels) 

.193 

2 

.096 

<1 

B  (conditions) 

167.627 

1 

187.627 

51.902** 

C  (frequencies) 

1.598 

4 

.400 

1.117 

P  (subjects) 

34.087 

4 

8.522 

23.804*** 

AB 

.096 

2 

.048 

1.371 

AC 

2.592 

8 

.324 

1.266 

AP 

1.204 

.3 

.150 

<1 

BC 

1.238 

4 

•  309 

<1 

BP 

14.518 

4 

3.629 

11.235*** 

CP 

5-721 

16 

.358 

<1 

ABC 

3.062 

8 

.383 

<1 

ABP 

.662 

8 

.083 

<1 

AC? 

8.203 

32 

.256 

<1 

BCP 

5.170 

16 

.323 

<1 

ABCP 

13.800 

32 

.431 

VIBRATION  SCORES 


Source  of 

Sun 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F' 

A  (levels) 

.060 

2 

.030 

<1 

B  (conditions) 

1.166 

1 

1.166 

1.151 

C  (frequencies) 

1.772 

4 

.443 

<1 

P  (subjects) 

6.538 

4 

1.634 

3.591* 

AB 

.206 

2 

.103 

<1 

AC 

3-185 

e 

.373 

2.144 

AP 

1.327 

9 

.36 6 

<1 

BC 

2.568 

4 

.642 

2.253 

BP 

2.623 

4 

.65,; 

2.302 

CP 

7.281 

16 

.4>5 

<1 

ABC 

4.213 

6 

.527 

<1 

ABP 

1.7.33 

8 

.217 

<1 

AC? 

5.575 

32 

.174 

<1 

BCP 

4.553 

16 

.265 

<1 

ABCP 

17.832 

32 

.557 

DIFFERENCE  SCORES 
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Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (levels) 

.409 

2 

.204 

<1 

B  (conditions) 

210.124 

1 

ao.124 

63-405** 

C  (frequencies) 

.955 

4 

.239 

1.096 

P  (subjects) 

38.324 

4 

9-581 

43.950*** 

AB 

.202 

2 

.101 

1.262 

AC 

2.166 

8 

.271 

1.522 

AP 

1.308 

8 

.164 

<1 

BC 

1.282 

4 

.320 

<1 

BP 

13.475 

4 

3.369 

8.984*** 

CP 

3.48? 

16 

.218 

<1 

ABC 

2.770 

8 

.346 

1.116 

ABP 

.353 

8 

.044 

<1 

ACP 

15.681 

32 

.178 

<1 

BCP 

6.005 

16 

.375 

1.210 

ABCP 

9.923 

32 

.310 

VIBRATION  SCORES 


Source  of 
Variability 

Sum 

Souare* 

df 

Mesn 

Squares 

F  or  F 

A  (level*) 

.076 

2 

.038 

<1 

B  (condition*) 

.104 

1 

.104 

<1 

C  ( frequencies) 

.212 

4 

.053 

<1 

P  (subject*) 

1.290 

4 

.322 

1.293 

AB 

1.127 

2 

.564 

9.097 

AC 

2.589 

8 

.324 

<1 

AP 

1.528 

8 

.191 

<1 

BC 

.152 

4 

.0}° 

<1 

BP 

1.685 

4 

.421 

1.272 

CP 

3.977 

16 

.249 

<1 

ABC 

1.496 

8 

.187 

<1 

ABP 

1.451 

8 

.181 

<1 

ACP 

13.851 

32 

.433 

1.415 

BCP 

5.292 

16 

.331 

1.082 

ABCP 

9.776 

32 

.306 

DIFFERENCE  SCORES 
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Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

A  (levels) 

.248 

2 

.124 

B  (conditions) 

185.661 

1 

185.661 

C  (frequencies) 

4.545 

4 

1.136 

P  (subjects) 

23.355 

4 

5.839 

AB 

4.291 

2 

2.146 

AC 

2.319 

3 

.290 

AP 

.374 

8 

.04? 

BC 

•  503 

4 

.126 

BP 

5.013 

4 

1.253 

CP 

8.559 

16 

•535 

ABC 

2.162 

8 

.270 

ABP 

1.227 

8 

.153 

ACP 

5-975 

32 

.187 

BCP 

4.805 

16 

.300 

ABCP 

7.602 

32 

.238 

VIBRATION  SCORES 

Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

A  (levels) 

.247 

2 

.124 

B  (conditions) 

•  356 

1 

•  356 

C  (frequencies) 

6.190 

4 

1.1*0 

P  (b  .bjects) 

1.526 

4 

.382 

AB 

4.249 

2 

f  .124 

AC 

2.638 

3 

.330 

AP 

.481 

8 

BC 

.490 

4 

.122 

BP 

4.529 

4 

1  *i>^s 

CP 

6.969 

16 

.436 

ABC 

2.321 

8 

.2*> 

ABP 

2.461 

8 

.303 

ACP 

8.147 

32 

.2  5 

BCP 

4.023 

16 

.251 

ABCP 

8.557 

32 

.267 

F  or  F' 
<1 

172.068**-* 

2.123 

10.914*** 

11.600 

1.551 

<1 

<1 

4.177* 

2.248* 

1.134 

<1 

<1 

1.260 


F  or  F* 

<1 
<1 
3.550* 
<1 
6.  <*17 
1.294 
<1 
<1 
<*.510* 
1.633 
1.086 
I.151* 
<1 
<  1 
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Source  of 
Variability 

Sum 

Squares 

df 

Mean 

Squares 

F  or  F' 

A  (levels) 

.143 

2 

.071 

<1 

B  (conditions) 

196.479 

1 

196.479 

136.824#** 

C  (frequencies) 

2.697 

4 

.674 

2.217 

P  (subjects) 

24.055 

4 

6.014 

19.783#*# 

AB 

.266 

2 

•143 

1.021 

AC 

1.792 

8 

.224 

<1 

AP 

3.111 

3 

.378 

1.400 

BC 

1.913 

4 

.478 

1.282 

BP 

5.324 

4 

1.331 

3.568* 

CP 

4.66, 

16 

.304 

1.236 

ABC 

1.380 

8 

.172 

<1 

ABP 

1.714 

8 

•a4 

<1 

AC? 

3.645 

32 

.270 

1.098 

BC? 

5.962 

16 

.373 

1.516 

ABC? 

7.866 

32 

.246 

VIBRATION  SCORES 


Source  of 
Veriebility 

Sum 

8auares 

df 

Mean 

Souares 

F  or  r 

A  (levels) 

.321 

2 

.160 

<  1 

B  (conditions) 

.626 

1 

.626 

1.605 

C  (‘‘re queue ies) 

1.631 

4 

.400 

1.365 

P  ujects) 

5.152 

4 

1.208 

4.300# 

A1-: 

.872 

2 

.436 

2.236 

AC 

2.737 

6 

.342 

1-396 

AP 

2.106 

6 

.263 

1.073 

BC 

2.099 

4 

.525 

1.141 

BP 

1.299 

4 

.325 

<1 

CP 

4.786 

16 

.299 

1.020 

ABC 

1.502 

fl 

.188 

<1 

ABP 

2.404 

6 

.300 

1.024 

A CP 

7.826 

32 

.245 

<1 

BC? 

7.360 

16 

.460 

1.570 

ABC? 

9.307 

32 

.293 
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Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

For  F1 

A  (levels) 

.068 

2 

.034 

1.109 

B  (conditions) 

217.624 

1 

217.624 

196.058** 

C  (frequencies) 

1.368 

4 

.342 

1.090 

P  (subjects) 

31.127 

4 

7.782 

24.783*** 

AB 

.042 

2 

.021 

<1 

AC 

1.738 

S 

.a? 

<1 

AP 

.760 

8 

.095 

<1 

BC 

.837 

4 

.209 

<  1 

BP 

5.721 

4 

1.430 

2.703 

CP 

5.025 

16 

•  314 

<1 

ABC 

5.325 

8 

.666 

1.897 

ABP 

2.307 

8 

.288 

<1 

ACP 

9.981 

32 

.312 

-**  1 

BCP 

8.466 

16 

.529 

1.507 

ABCP 

11.226 

32 

•  351 

VIBRATION  SCORES 

Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F1 

A  (levala) 

.585 

2 

.292 

2.026 

B  (conditions) 

.105 

1 

.105 

1.248 

C  (frequencies) 

1.172 

4 

.293 

<1 

P  (seojacts) 

7.257 

4 

1.814 

5.025** 

AB 

.661 

2 

•  330 

<1 

Ar 

1.077 

b 

.135 

<1 

AP 

1.709 

8 

a  81 

<1 

BC 

1.305 

4 

•  321 

<  1 

BP 

1 .036 

4 

.259 

<  1 

CP 

5.777 

16 

.301 

I.I60 

ABC 

8.2X4 

8 

1.02' 

3.356** 

ABP 

3.007 

8 

.370 

1.22*' 

ACP 

13.294 

32 

.41', 

i .  350 

BCP 

9.910 

16 

.619 

?.<23* 

ABCP 

9.79* 

32 

.306 
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Source  of 

Sum 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F1 

A  (levels) 

2.03** 

2 

1.017 

2.296 

B  (conditions) 

215.383 

1 

215 . 388 

156.988*-** 

C  (frequencies) 

1.704 

4 

.426 

1.340 

?  (subjects) 

36.706 

4 

9.176 

28.855*** 

AB 

2.173 

2 

1.086 

7.490 

AC 

4.066 

3 

.508 

1.881 

AP 

1.637 

8 

.205 

<1 

EC 

2.269 

4 

.567 

1.800 

BP 

4.480 

4 

1.120 

3.556* 

CP 

5.095 

16 

.318 

<1 

/  riC 

2.057 

8 

.257 

<1 

ABP 

2.548 

8 

.318 

<1 

ACP 

8.606 

32 

.270 

<1 

3CP 

5.034 

16 

•  315 

<1 

ABCP 

13.763 

32 

.430 

VIBRATION 

SCORES 

Source  of 

Sun 

Mean 

Variability 

Squares 

df 

Squares 

F  or  F' 

A  (levels) 

.393 

2 

.196 

2.390 

B  (conditions) 

.736 

1 

•  736 

<1 

C  (frequencies) 

1.646 

It 

.412 

1.724 

P  (s' o.lecis) 

.368 

4 

.092 

<1 

AB 

1.023 

2 

.512 

3.391 

AC 

1.487 

8 

106 

<1 

AP 

2.04g 

8 

.255 

<1 

BC 

.572 

4 

.14 . 

<1 

BP 

4.971 

4 

1.243 

•>.404'Mt 

CP 

3.924 

16 

.239 

<1 

ABC 

1.762 

8 

.220 

<1 

ABP 

2.999 

8 

.31? 

<1 

ACP 

11.498 

32 

•  359 

<1 

BCP 

3.CA6 

16 

.230 

<1 

ABCP 

13.796 

32 

.431 
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